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THE AMERICAN SOCIETY OF HEATING AND 
VENTILATING ENGINEERS. 

TWENTIETH ANNUAL MEETING 

New York City, January 20, 21 and 22, 1914. 

PROCEEDINGS. 

First Day — Afternoon Session 
Tuesday, January 20, 1914. 

Meeting called to order at 2:45 p. m. by President Hale, a 
quorum being present. 

On motion the calling of the roll and the reading of the min- 
utes were dispensed with. 

President John F. Hale then addressed the meeting as follows : 

The meeting of the Council took place immediately after the 
last annual meeting and we organized in accordance with the 
regular practice. Since that time we have had seven council 
meetings at which the representatives were present — most of 
them who are in the East. We had communications from the 
various Western members so that we kept in touch with the 
entire situation and we believe that we have accomplished some- 
thing this year. Committees were appointed in accordance with 
the usual practice and notifications given the different members. 
Unfortunately, some of the committees have not given their 
attention to the work as they might, which has been true of 
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committees for the last three or four years. .It is to be hoped 
that the members of committees appointed hereafter will give 
more direct attention to the work because the reports to be made 
by them are of great interest and lead up to some final issue 
which so far we have not been able to accomplish in some cases. 

The Council appointed, according to the Constitution and By- 
Laws, Mr. E. A. Scott as secretary and we are pleased to state 
that his work has been so good and he has accomplished so 
much that we hope the incoming administration will consider 
him favorably for the position again. It is an appointive position. 

As you know, a special meeting was called for September 29th 
in order to revise the charter. That was done for the reason 
that the Constitution and By-Laws as amended and approved of 
several years ago, did not take into cognizance the fact that the 
charter under which we operated laid down certain rules and 
stipulations, and in order to bring about harmony between the 
two it was found necessary to hold a meeting for that purpose 
and the explanation will be given to you in the report of the 
Council. 

We have taken in a great many new members this year. We 
have found it necessary to eliminate some members due to the 
fact that they have not paid their obligations. The report of the 
secretary will also cover that. 

There has come to my mind the advisability of a committee 
for a symposium to be prepared under the Council of next year 
in which the manufacturer, the contractor, the architect and the 
engineer each have an opportunity to set forth their position so 
as to bring about a better understanding of the position of each, 
and I would recommend to the Council or the incoming Presi- 
dent that such a committee be appointed or that such steps be 
taken to bring about a report of that kind. 

There have been many things done this year which it is 
unnecessary for the chair to mention because they are covered 
in the other reports. 

Incidentally, however, I wish to thank the members of the 
Council for their co-operation and especially the Secretary for 
the very excellent work that he has done particularly in the 
line of bringing about the collection of past dues which have 
held over so for a number of years and which have been rather 
a trial ; and by constant work he has succeeded in accomplishing 
something which has never been accomplished before. 
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With your permission we will ask the Secretary to make his 
report. 

REPORT OF THE SECRETARY 

Your Secretary for the Society year ending January 22, 1914, 
begs to submit the following report: 

The work of the Secretary's office during the past year has 
included the production of the transactions of the Society for 1912 
in Volume 18. This volume, it might be stated in passing, is 
larger than any preceding one issued by the Society, comprising 
some 512 pages. It was delivered from the bindery two weeks 
ago and would have been in the hands of the members at this 
time had it not been for the extra work in the Secretary's office 
incident to this meeting. However, the books are all wrapped 
for shipment and will go forward on Friday or Saturday of this 
week. The final delivery of this book was delayed by several 
unavoidable circumstances. It was also hoped to have the vol- 
ume for 1913 well under way by this time, but failure on the 
part of several members to return the discussion sent to them 
for correction prevented progress on this book. However, prac- 
tically all the discussion has been returned and the manuscript 
is now ready for the editor. 

As the ending of the financial year of the Society was changed, 
as the result of a resolution adopted at the last annual meeting, 
there is incorporated in this report the cost per member for 
administering the Society's affairs from January 23, 1913, to 
December 31, 1913. The figures for 1913 as given in the accom- 
panying table of outgo since 1907 include all disbursements made 
by the present administration up to December 31, 1913. A 
review of the accounts shows that these amounts include all 
expenses in connection with the 1913 annual meeting and all 
expenses in connection with the Secretary's office, including 
supplies, postage, salaries, rent and the like for twelve months, 
as bills for January, 1913, were not paid until after January 23, 
last year. They also include the printer's final bill on the pro- 
duction of the 1911 volume as well as the cost of distributing 
that volume to the members. In other words, the figures for 
1913 as given in the accompanying schedule include practically 
the administrative expenses of the Society for one year, as the 
only accounts payable unsettled on December 31 and not included 
in the accompanying table aggregate only $8.75. There was no 
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Year Book issued in 1913, which meant the saving of about 
$150. This shows that the outgo per member is slightly below 
the annual dues. However, it may be expected that the admin- 
istrative expenses for 1914 will be somewhat higher, as the cost 
of producing the 1912 volume will be several hundred dollars in 
excess of the 1911 volume. 

PER CAPITA EXPENSE FOR SEVEN YEARS 

Mean Number Total Expense 

Year of Members Expenses per Member 

1907 301 $3,662.45 $12.20 

908 335 4,025.84 12.00 

1909 357 4.687.41 13.13 

1910 377 4,269.83 11.36 

1911 405 4,793.08 11.83 

1912 437 5.013.19 11.47 

1913 (Jan. 23.Dec. 31, 1913) . . .455 4.400.90 0.67 

A keen interest has been taken by the members quite generally 
in matters having to do with the Society's work and welfare. 
Members have been prompt, in responding to the ballots and 
requests for information which wene sent out during the year, 
and notably so in the case of the questions on the Model Ven- 
tilation Law. 

The Secretary wishes to express his appreciation of the prompt 
responses of many of the members in the effort made to get the 
financial affairs of the Society in the best possible shape during 
the year. The statements accompanying the report of the Coun- 
cil will show $1,245 in initiation fees and dues outstanding on 
December 31, 1913. Since that time the names of 18 members 
who were in arrears for dues for two years have been removed 
from the rolls by the Secretary acting under instructions of the 
Council. This means that $360 has been charged off from the 
dues account in addition to the amounts shown on the state- 
ments. The collections since January 1 have totalled $180 for 
initiation fees and dues. Deducting the amount written off and 
the collections from the initiation fees and dues account, reduces 
the amount outstanding at this time to $705. This represents 
$215 initiation fees and dues of 11 candidates elected December 
19, who have not yet qualified ; dues of one member owing 
$30.00 who has promised to have check in the hands of the Sec- 
retary prior to the adjournment of this meeting and 46 members 
who still owe for 1913 dues. In other words, there is only one 
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member now on the rolls who owes for dues prior to 1913 and 
dues and fees outstanding have been reduced within the year 
from practically $1,800 to $705. 

The Secretary wishes at this time to express his appreciation 
to the members who assisted so materially in the preparation 
and program for both the semi-annual meeting at Buffalo and 
this meeting also. 

Respectfully submitted, 

Edwin A. Scott. Secretary. 



The Secretary's report was on motion ordered to be entered in 
the transactions of the Society. 

President Hale: The Treasurer's report is the next one to be 
presented. ^ 

Mr. Donnelly: The Treasurer's report as to receipts and dis- 
bursements is the same as the Secretary's, hence no Treasurer's 
report is necessary and none will be presented. 

The Treasurer's balance on hand, however, is not the same as 
that of the Secretary, for the reason that the Secretary entered 
some money as being on hand on December 31, that was not 
turned over to the Treasurer until after that date. 

I notice under total statement of income and outgo that it 
will be necessary for the Secretary and Treasurer to get together 
a little bit. I would like the Secretary's report and the Treas- 
urer's report to agree in the total receipts and the total expen- 
ditures and frankly I did not get time to make up the report 
right after the first of the year and the books have been in the 
office at the disposal of the auditing committee the last week 
and I had not seen the Secretary's report. 

Some remarks were made by members as to the per capita 
cost, after which the report of the Council was read. 

Secretary Scott read the Council report and stated: Every- 
thing has been read with the exception of the membership status 
which is self-explanatory. Five hundred and fifty dollars was 
the total write-off for 1913. By removing the names of mem- 
bers on January 1st who owed for two years it prevents any 
further write-off for failure to pay dues for 1914. There were 
18 removed in 1913. I think everything else is plain on the 
statement. 
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REPORT OF THE COUNCIL 

The Council makes the following report of its administration of 
the affairs of the Society since it was organized on January 23, 
1913, immediately following the last annual meeting. 

The Council has maintained headquarters in the Engineering 
Societies' Building, 29 West Thirty-ninth Street, New York 
City, and the office of the Secretary has been used quite fre- 
quently throughout the year by individual members and by com- 
mittees for meetings. The Council and Executive Committee 
have held 10 meetings during the year, all of which have been 
well attended and several members who could not attend certain 
meetings contributed their views in writing in advance on sub- 
jects to be considered at those particular meetings. 

The Summer meeting of the Society was held at Buffalo, on 
July 17, 18 and 19 and was notable in that the attendance was 
greater than at any previous meeting. A valuable opportunity 
was also afforded the members at that meeting to witness sev- 
eral tests of heating equipment conducted at the Institute of 
Thermal Research. It is unnecessary to deal at length with 
these tests in this report, as special committees have prepared 
reports which will be read at this meeting. 

A meeting of the members of the Society was held in the 
Engineering Societies' Building, on September 29, to consider 
amending the charter so as to increase the number of Directors 
to 12, so as to agree with the constitution, and to receive amend- 
ments to the constitution. At that meeting the members took 
the necessary steps to amend the charter so that it might desig- 
nate 12 as the number of Directors on the Board. The amend- 
ments to the constitution proposed at that meeting were sub- 
mitted to the membership for a mail vote. The ballots were 
canvassed January 19 and all the amendments as proposed have 
been accepted and the constitution is therefore revised as follows : 

ARTICLE II 

MEETINGS 

Section 1. — All business meetings of this Society shall be held 
in New York City. The annual meeting shall begin on the third 
Tuesday in January of each year, and continue from day to day 
as the Directors may arrange. Special meetings may be called 
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at any time at the discretion of the Directors, or shall be called 
upon the written request of twenty (20) members. 

Section 2. — Professional sessions for the reading and discus- 
sion of papers, reports of committees, etc., shall be held at least 
twice a year. The time and places of holding such sessions shall 
be determined by the Directors at least sixty (60) days prior to 
the dates selected. 

Section 3. — Fifteen members present (either in person or by 
proxy) shall constitute a quorum. 

NOTE : Wherever "Council" appears change to "Directors." 

ARTICLE IV 

ELECTION OF MEMBERS 

Section 2. — Honorary members shall be proposed only at an- 
nual meetings, and all proposals must have the unanimous en- 
dorsement of the Board of Directors before their names are 
submitted to the meeting for election. 

Section 4. — Any member entitled to vote will indicate the 
nature of his vote, whether affirmative or negative by writing 
the word "Yes" or "No" opposite the name at the point to be 
provided in the ballot. Each member shall draw a line through 
the name or names of any or all candidates for whom he does 
not desire, or does not feel qualified by sufficient acquaintance, 
to vote. The ballot is to be enclosed in two envelopes, the 
inner one to be blank and the outer one endorsed by the member 
voting, and returned to the office of the Society within thirty 
(30) days of its date. 

ARTICLE VI 

Section 1. — ^The affairs of the Society shall be managed by a 
Board of Directors of twelve members, which shall consist of 
the President of the Society, two Vice-Presidents, eight members 
and a Treasurer. Four members shall constitute a quorum for 
the transaction of business. The Secretary may take part in the 
deliberations of the Board of Directors, but shall not have a vote 
therein. 

Section 4. — Strike out the words "and shall send a copy thereof 
annually to each member." 

Section 6. — The Board of Directors may appoint a suitable 
member of the bar as counsel to the Society during its term of 
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office to perform such duties as may be assigned to him. He 
shall become an associate member. 

Section 7. — Insert "The Board of Directors shall present at 
the annual meeting a report, verified by the President and Treas- 
urer or by a majority of the Directors, showing the whole 
amount of real or personal property owned by it, where located 
and where and how invested, the amount and nature of the 
property acquired during the year immediately preceding the 
date of the report, and the manner of the acquisition, the amount 
applied, appropriated, or expended during the year immediately 
preceding such date, and the purposes, objects or persons to or 
for whom such applications, appropriations or expenditures had 
been made, and the names and places of residence of the per- 
sons who have been admitted to membership in the corporation 
during such year, which report shall be filed with the records 
of the corporation and an abstract thereof entered in the min- 
utes of the proceedings of the annual meeting. It shall fill any 
vacancies occurring in the Board of Directors and shall file a 
certified copy of such appointment with the clerk of the county 
of New York." 

ARTICLE VII 

Section 1. — Insert: "Two Vice-Presidents to hold office for 
one year." 

"Eight Directors, each to hold office for one year." 

Change last paragraph to read "A President or Vice-President 
shall not be eligible, etc." 

Section 2. — Change "sixty" to "ninety" in the ninth line. 

Section 4. — Each member entitled to vote shall cancel the 
names of all candidates for whom he does not intend to vote, and 
return his vote, so that it will reach the Secretary before the 
date of the annual meeting, with a duly authorized proxy direct- 
ing the Secretary to cast his ballot. Any member may write, etc. 

It is gratifying to be able to present such a favorable financial 
statement as is to be found in the accompanying tabulation of 
income and outgo for the year ending December 31, 1913. The 
balance on January 21, 1913, of $1,041.62 has been increased to 
$2,823.20 on December 31, 1913, with all bills with the exception 
of $8.25 paid. This increased balance is the direct result of a 
policy instituted during the year of not carrying members in 
arrears for dues on the" rolls beyond a reasonable time. During 
the year a mail ballot was taken to obtain the views of members 
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on the desirability of carrying the names of members on the 
rolls who are in arrears for more than two years. The vote 
was overwhelmingly in favor of dropping all members on Jan- 
uary 1 of each year who owe for the two preceding years. 
The Council considered the vote mandatory and accordingly 
instructed the Secretary to remove from the rolls on January 1 
of this year all names of members in arrears for two years. This 
removed from the roll 18 names and reduced the dues and fees 
outstanding to $885 and left, with one exception, only the names 
of members on the roll who owed for 1913 dues. The Society is 
therefore not only in a better financial position than for some 
years, but the dues and fees accounts are also in better shape. 

STATEMENT OP INCOME AND OUTGO 

Cash on hand, .Tanuary 21, 1913 $1,041.62 

Receipts 

Dues $4,888.00 

Initiation Pees 745.00 

Sale of Transactions, net: 

Vol. 1 $17.50 

2 17.50 

" 3 17.50 

" 4 17.50 

" 5 17.50 

« 17.50 

" 7 17.5Q 

" 8 17.50 

9 30.00 

" 10 22.50 

" 11 30.00 

" 12 30.00 

" 13 22.60 

" 14 22.50 

" 16 30.00 

" 10 22.50 

" 17 107.50 

" 20 7.50 

Acct. of complete set 20.00 

$486.00 

Leu express 1.15 

483.85 

Pin Badges: 

Solid gold $42.25 

PUted , 10.25 

58.aa 

Sale of year book 0.00 ' 

Interest on deposits 32.29 

$6,313.64 

Disbursements $7,356.26 

Transactions : 

VoL 17, printing $971.79 

Vol. IS, editing $125.00 

Extra cuts .24.97 

149.97 

Vol. 19, engravings- ; $163.71 

Electros sold ($Q2;66— $17.10) 36.45 

^ — ^ 128.26 
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Pin Badges: 

SoUd gold $80.00 

Plated , 17.25 

MeetiDgs expense: 

Advance papers : $890.15 

Sale of 89.06 

801,09 

Stenographer 287.40 

Meeting rooms, printing, etc 290.25 

Postage, expressage, etc 886.(12 

General administration: 

Salaries 1.18a00 

Assessments (rent) for office 396.00 

Office stationery and sapplies 189.58 

New furniture 1.01 

Storage 2a40 

General printing 38.75 

BaUots 102.60 

Telephone 40.75 

Committees 21.60 

Bxchange 6.99 

Total 14,682.06 

Cash on hand 2.823.20 



I7.S56.26 



A Statement of the assets and liabilities of the Society is 
g^ven hereinafter. It is interesting to note that the quick assets 
of the Society are in excess of its entire obligations and that the 
affairs of the Society have been so conducted since its organiza- 
tion that the equity of each member is in excess of his original 
initiation fee. In other words, on the basis of 462 members the 
equity per member on December 31, 1913 was $18.46. The state- 
ment of assets and liabilities are shown in an accompanying table. 

The Society has been represented at other meetings during the 
year as follows: At the Fourth International Congress on 
School Hygiene held in Buffalo, by a Committee comprising 
Frank Irving Cooper, Chairman, D. D. Kimball, C. B. J. Snyder, 
S. R. Lewis and N. L. Patterson. At the International Conserva- 
tion Congress by a Committee comprising Henry Adams, Chair- 
man, M. S. Cooley, and the Society also has a special committee 
to confer with the National District Heating Association com- 
prising E. F. Capron, Chairman, M. L. Foote, W. C. Green, L. C. 
Soule and J. M. Stannard. 

A further donation has been made to the Society by Dr. Wm. 
Paul Gerhard, C. E., comprising some fourteen books and pam- 
phlets on heating and ventilation in the English and German lan- 
guages as per the list given hereinafter. These volumes now 
form a part of the Society's library and it is desired that the 
Society, at its annual meeting, take special recognition of the 
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bequest which enhances the value of the donation made by Dn 
Gerhard one year ago. The list follows: 

Ventilation and Wanning of Buildings, by Isaac D. Smead. 

Der gegenwartig Stand der Heizfrage, von E. Sturm. 

Heating and Ventilating Schools, by John J. Hogan. 

Warming, Ventilating and Sanitary Appliances for Public Schools, by the 
J. L. Mott Iron Works. 

Qrculation at the American Institute Fair, by Model Heating Co. 

A Qrcular on -the Warming and Ventilation of School Houses and 
Giurches, by the Mahony Combination System. 

Die Heizungs- und Liiftungs-Einrichtungen des Eisenwerks Kaisers- 
lautem. 

Die Heizungs und Luftungs Systeme des Eisenwerks Kaiserslautem, two 
volumes. 

Gesunde Luft in unseren Hausern, von Kauffer & Co. 

Die Beheizung der Raume, von Kauffer & Co. 

Supplement 2, Gesunde Luft in unseren Hausern, von Kauffer & Co. 

Centralheizung und Ventilation, by J. L. Bacon. 

Patent Central-Heizung mit Ventilation System, by Bechem & Post 

ASSETS 

Furniture and fixtures $200.00 

Cuts used in printing volumes 200.00 

Stationery and supplies 25.00 

Proceedings 

Vol. 1 137 

Vol. 2 13 

Vol.3 107 

Vol 4 127 

Vol.5 99 

Vol.6 120 

Vol 7 109 

VoL8 87 

VoL9 141 

Vol.10 131 

Vol. 11 146 

Vol.12 131 

Vol. 13 138 

Vol.14 141 

Vol. 15 166 

Vol. 16 162 

VoL 17 192 

2,147 at $3.00 6,441.00 

Accounts receivable 24.60 

Library 400.00 

Membership dues outstanding $1,010.00 

Leu nncoUectable (estimated) 110.00 

900.00 
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Initiation fees outstanding 235.00 

Badges, Registration 15.00 

Badges, Pin 15.00 

Cash on hand 2,82320 



$11,278.80 



LIABILITIES 

Estimate Cost of Volumes to be issued to members: 

Vol. 18 .*. . . $1,500.00 

Vol. 19 1,200.00 

Membership dues prepaid 40.50 

Accounts payable: 

Storage Bill 7.50 

Telephone 1 .25 

2,749.25 

Membership equity 8,529.55 



$11,278.80 



The details in the changes of membership are shown in the 
accompanying table. Two ballots were canvassed in the usual 
manner, one on June 19 and another on December 19, adding 
27 and 30 members respectively to the rolls. This increase in 
membership, however, has been largely offset by losses from 
various causes, especially through the dropping of members ia 
arrears for dues. Two candidates reported one year ago as 
being elected on the ballot of December 19, 1912, failed to 
qualify. 

The membership has increased by 13 during the year and now 
numbers 462. 

The Society suffered the loss of four members by death during 
the year. The list includes a past-president who was also a 
charter member; an honorary member, and two other charter 
members. Wiltsie F. Wolfe, who was President of the Society 
for the year 1898-1899, passed away on December 4. Dr. J. S. 
Billings, an honorary member of the Society, died on March 10, 
John A. Payne, on March 3, and R. C. Clarkson during the latter 
part of December. 
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STATUS OF MOMKBB6HIP 
Honorary members: 

Total number, January 21, 1913 3 

Loss by death 1 

Total number, January 20, 1014 2 

Members : 

Total number. January 21, 1913 390 

Accessions by election 45 

by reinstatement 1 

by advancement from associate 1 

by advancement from Junior 1 

48 

Losses by resignation 6 

•by non-payment of dues 27 

by death 3 

36 

Net increase 12 

Total number. January 20, 1914 402 

Associate members: 

Total number, January 21, 1913 38 

Accessions by election 8 

Losses by non-payment of dues 2 

by failure to qualify 1 

by advancement to member 1 

4 

Net increase 4 

Total number, January 20, 1914 — — 42 

Junior members: 

Total number, January 21, 1913 18 

Accession by election 4 

Loss by advancement to member 1 

tby non-payment of dues 4 

by failure to qualify 1 

6 

Net loss 2 

Total number, January 20, 1914 16 

Total membership January 20, 1914 462 

Total membership January 21, 1913 449 

Total net increase 18 

STATUS OF DUBS ACCOUNT 

Cr. 

In arrears, including portion of dues of candidates 

elected December. 1912 $1,635.00 

Paying members, January 21, 1913 — 443 at $10 4,430.00 

Class of candidates, June 19—27 at $10 270.00 

Class of candidates, December 19—30 at $5 150.00 

Reinstated members, back dues 40.00 

$6,526.00 

Dr. 

Prepayment dues 1913 account in 1912 $12.00 

Written off by death and resignation 40.00 

Written oigr by non-payment of dues 500.00 

Written off by failure to qualify 10.00 

Total dues received 4.993.50 

$5,555.50 

Dues outstanding $969.50 



• Includes 17 members removed from rolls on January 1, 1914, in arrears for 
dues for two years, making $340 charged off against 1914 Dues Account. 

t Includes 1 member removed from rolls on January 1. in arrears for dues, 
making $20 charged off against 1914 Dues Account. 
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8TATU8 OP INITIATION FIBEB ACCOUNT 

Cr. 

Ilk aireara, incloding portion of candidates elected 

December, 1912 $166.00 

Class of candidates, June 1 400.00 

Class of candidates, December 19 480.00 

Fee of advancement from Jonior grade 6.00 

$1,006.00 

Dr. 

T6tal initiation fees received $746.00 

Written off by failare to qualify 26.00 

770.00 

Fees outstanding 286.00 

$1,204.60 
Recapitulation 

Total debit accounts of members ' $1,246.00 

Total credit accounts of members 40.60 

$1,204.60 



The Council took steps to convey the condolence of the Society 
to the families of the bereaved in each case and a Special Com- 
mittee comprising three past-presidents of the Society, namely, 
Prof. Wm. Kent, Mr. C. B. J. Snyder, and Mr. R. P. Bolton was 
appointed to attend the memorial service to Dr. Billings, held at 
the New York Public Library. 

Those who were honorably withdrawn from membership be- 
cause their resignations could be accepted were : A. W. Varney, 
Detroit, Mich., L. G. McCrum, Somerset, Pa., R. O. Hargreaves, 
Detroit, Mich., John Trainor, Baltimore, Md., A. W. Glessner, 
Chicago, 111., and C. M. Slotboom, The Hague. 



Jno. F. Hale, Chairman. 



Chairman Hale: You have heard the report of the Council, 
what is your wish in connection with it ? 

Some discussion obtained in regard to the report and some 
criticism was made that valuing the volumes at $3 each was 
more than they were worth as stock material and the chances 
were that the Society would not realize a sum equal to that in 
the sale of the volumes. 

Considerable discussion obtained at this point of the proceed- 
ings in regard to the question of when the dues of the members 
became payable. 

It being the general opinion that members were not in arrears 
until after the annual meeting. 
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The Secretary explained that the changes recommended by 
the Council provided that the fiscal year should end on December 
31 and that all members' dues were payable on January 2, in 
advance. 

Chairman Hale : It is the ruling that a member in arrears for 
1913 dues only may vote at this meeting. With your permission 
we shall now go on to the next on the program for this session, 
which is a report from the Illinois Chapter of the Society. Is 
there someone here who represents the Illinois Chapter; Mr. 
Hart, I believe. 

Mr. Hart: (Reads the Report of the Board of Governors of 
the Illinois Chapter). 



REPORT OF THE ILLINOIS CHAPTER 

Since our report at the July semi-annual meeting, the Illinois 
Chapter has elected new officers, as follows: 

President, H. M. Hart. 

Vice-President, C. F. Newport. 

Secretary, Will L. Bronaugh. 

Tpiasurer, August Kehm. 

The Board of Governors, in order to create more interest on 
the part of individual members, adopted a plan of debating on 
the relative merits of competitive methods at the monthly meet- 
ings. As an illustration, the topic of the November meeting 
was a debate on the relative merits of "Upward Method of Ven- 
tilation vs. Downward Method of Ventilation." 

At the December meeting we considered the relative merits 
of "Forced Circulation of Hot Water vs. Direct Steam Vacuum 
Heating for Industrial Plants." 

The January meeting was assigned to the consideration of the 
merits of "Hot Blast vs. Direct Steam Heating for Factory 
Purposes." 

Our February meeting is assigned to the "Chicago Ventila- 
tion Commission" and consideration of the progress • they have 
made. This Commission, at the present time, is conducting some 
tests as to the amount of ventilation required for theatres, and 
they have constructed a cabinet for the purpose of an investiga- 
tion of what effect the lack of ventilation produces on an indi- 
vidual. These tests are now under way and it is hoped that 
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shortly some valuable information can be distributed. The 
March meeting will be devoted to a consideration of the rela- 
tive merits of "Hot Water vs. Modulated Steam for Residence 
Heating." 

Air Conditioning will be the topic at the April meeting, and 
while the May meeting has not been assigned, it seems that 
at the present time, this will be devoted to a consideration of 
"Chimney Drafts," including a presentation of all the data pro- 
curable. It is hoped that this paper will be the nucleus of a 
paper for the parent body. In a small way, we have started the 
"Question Box" idea and so far it has brought forth some desir- 
able information. 

The Chapter has been fortunate in being able to lend some 
assistance in the field of compulsory ventilation, in that, acting 
on the Chapter's recommendation, the Chicago City Council 
refused to rescind the ventilation ordinances applying to theatres. 
That the City Council took this action is due entirely to the 
efforts of the Illinois Chapter. Various and sundry members 
of the Chapter are now devoting their time and giving assist- 
ance to the Department of Health in the prosecution of non- 
ventilated picture theatres. 

We should like to emphasize the point brought out at the* 
semi-annual meeting in Buffalo, that the Society should tft very 
careful of its papers, as the Society records were used by the 
objectors to this ordinance. 

The Illinois Chapter is contributing financially to the Chi- 
cago Ventilation Commission, and three of its members still 
retain membership in it, and we are sure that this Commission 
is going to accomplish a great deal of good. 

Financially, we are in excellent shape, and have been able to 
cut our dues from $10.00 per year to $5.00. 

We have added four new members, and have sent in a number 
of applications to the parent body for membership. 

Respectfully submitted, 

Will L. Bronaugh, Secretary. 

Mr. Hart: I may add that the method in conducting meet- 
ings, using this debate idea, has met with considerable interest 
among the members and resulting in an increase of attendance 
of about thirty per cent, over previous years and brings out 
some very interesting discussions. The method of the meetings 
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is to appoint a committee of three members to write papers on 
each side of the question and each member of the committee is 
supposed to present a paper covering the side he represents, 
after which the entire membership is invited to take part in the 
discussion, each member being called upon and asked to respond 
for one side or the other. No decisions are given in favor of 
either side and we don't try to legislate in favor of one method 
of heating over another but we are trying to get some informa- 
tion that will result in benefit to everybody. 

Chairman Hale: You have heard the report of the Illinois 
Chapter. What is your wish in connection with it? With your 
permission it will be received and placed on file. 

In the absence of Mr. Goodnow, Secretary Scott will read the 
report of the New York Chapter. 



REPORT OF THE NEW YORK CHAPTER 

The Secretary of the New York Chapter desires to report 
that the Chapter is in a very good condition — financially — and 
while the membership does not show any increase, it is prac- 
tically the same as a year ago, totalling 74 members, consisting 
of 1 honorary member, 65 members, 6 associates and 2 juniors. 

The Chapter has held its regular monthly meetings in the 
past year, which have been uniformly well attended. The annual 
dinner was held in May at the Engineers' Club, New York and 
there were 143 members and guests present. 

The annual meeting of 1913 was held in October at which 
the following officers for the year 1913-1914 were elected and 
installed : 

President, D. D. Kimball. 
Vice-President, J. I. Lyle. 
Secretary, W. F. Goodnow. 
Treasurer, Arthur Ritter. 

Board of Governors, Frank G. McCann, Walter S. Timmis, 
William H. Driscoll. 

Various committee reports were also received at this meeting. 
The November meeting was devoted to a discussion on 
"Vacuum vs. Vapor and Low Pressure System for Heating." 
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At the December meeting "Control of Atmospheric Conditions 
in Printing Establishments," was the topic for discussion and 
was presented by Mr. Walter S. Timmis. 

At this meeting several amendments to the Constitution were 
adopted. 

Owing to the Society's annual meeting taking place in Jan- 
uary, the January 1914 meeting of the Chapter is merged with 
the Society meeting. 

It is proposed to discuss at the meetings for the remainder 
of the Chapter year the following : 

February — "Fan Selection." 

March — "Schoolhouse Heating and Ventilation." 

April— "Hot Water Heating." 

Respectfully, 
Wallace F. Goodnow, Secretary. 

Chairman Hale : You have heard the report of the New York 
Chapter. With your permission it will be received and placed 
on file. 

REPORT OF THE MASSACHUSETTS CHAPTER. 

The Massachusetts Chapter is glad to report a very successful 
season's work. A meeting was held each month from October 
to May, inclusive, and each month a special speaker was secured 
which added greatly to the interest and benefit. 

The Chapter has been active in securing a revisal of the 
Massachusetts laws dealing with the heating and ventilating of 
buildings used for public purposes. The new law has been signed 
by the Governor and took effect November 1st, 1913. However, 
the Chapter does not indorse the interpretation of this law as 
made by the Massachusetts District Police Inspection Depart- 
ment as to the ventilation of theatres, halls and places of public 
gathering, because the law states that "the ventilation in all 
cases shall be taken off from near the floor level." 

The new laws and regulations are issued in booklet form and 
can be obtained upon application. The new regulations dealing 
with school house construction have yet to be issued, but it is 
understood that they are on the press. A new state law has 
also been passed and signed dealing with Moving Picture booths. 

The Chapter has also been active in securing new members 
for the parent body and no less than eight persons accepted for 
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membership having been nominated by this Chapter, a total of 
over fifty per cent, of the Chapter's own enrollment. 

The first school in the world for Public Health Officials has 
been opened by Harvard College this winter under the direction 
of Dr. Milton J. Rosenau. 

Our President, Mr. F. I. Cooper, was appointed by the Gov- 
ernor to attend the International Congress of School Hygiene 
in Buffalo, N. Y., in August, which gives us recognition worthy 
of mention. 

Officers, 1913-1914 

J. W. H. Myrick, President. 
Charles F. Eveleth, Vice-President. 
F. I. Cooper, Secretary. 
William T. Smallman, Treasurer. 

Board of Governors — Albert B. Franklin, Charles Morrison, 
H. W. Whitten. 

Respectfully submitted, 

J.^ W. H. Myrick, Secretary. 

Chairman Hale: You have heard the report of the Massa- 
chusetts Chapter. With your permission it will be received and 
placed on file. 

The next report in order is that of the Committee on Standards. 

First of these reports is regarding a code for testing House 
Heating Boilers. 

Secretary Scott : That report has been printed and distributed 
to the members. There are some printed copies outside in case 
some of the members have not the pamphlet in this form. As 
I have trouble with my throat I will ask Mr. Chew to read the 
report. 

The report was discussed by Mr. Chew, Wm. Kent, Mr. 
Hale, Mr. Mackay, Mr. Newport, Mr. Gombers, Mr. Donnelly, 
Mr. Davis, Mr. Barron, and Mr. Seward, and on motion was re- 
ferred together with the discussion, to the committee for further 
report. 

On being referred back to the committee they decided they 
could accomplish nothing more than given in the report. 

The President with the advice of the Vice-President and 
Secretary decided to hold the matter in abeyance till the art had 
reached a higher state of development. 
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President Hale: The report of the Committee on Heating 
Guarantees will be made. Mr. Mackay is Chairman of that 
Committee. 

Mr. Mackay: Your committee has nothing further to report 
than that which they reported two years ago in 1912 and with 
your permission I will read that report, or the guarantee part of 
it only. We felt that it was out of the province of the committee 
but rather that of the legal fraternity to formulate that into 
such shape that it could be put into a standard specification, and 
we would report that if the Society sees fit that counsel be em- 
ployed to draft that in such shape as to present the views of 
the Society in legal form in specifications. 

That's all, Mr. Chairman. We have not seen fit to increase 
that, and we recommend that the Society receive it and that it 
be framed up in legal form and added to heating specifications. 

President Hale: That subject is open for your discussion. 
Are there any members who wish to make any remarks upon 
the subject? What is the wish of the members as to the advisa- 
bility of hiring counsel for the purpose of whipping this into 
line? It has been moved and seconded that the recommendations 
made by the committee to the effect that counsel be retained 
for the purpose of preparing this guarantee in legal form be 
concurred in. All in favor say Aye. Carried. 

With your permission I will deviate a little bit from the rules and 
from the order of business and will take this time to appoint Mr. 
A. A. Kieb, Mr. R. B. Hunt and Mr. F. K. Davis a committee of 
three to canvass the votes for officers to report this evening. We 
will bring up the subject of the Report by the Secretary of the 
meeting relative to the change in the constitution and by-laws. 

Secretary Scott: I will start in connection with this matter 
by reading the notice that was sent out for the call of the special 
meeting. 

Professor Kent: I would like to ask what authority the 
Council had to call a meeting. 

Mr. Donnelly: I would like to call to your attention that we 
presented this matter at the summer meeting and received a 
vote at that time to call the meeting, the necessity for calling 
the special meeting was really for the amendment of the charter. 
The charter is not a part of the constitution, and the law states 
just how the charter can be amended. Professor Kent's point 
as to whether this was a regular meeting or a special meeting 
was covered recently very clearly in the impeachment of Gov- 
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emor Sulzer; at a special meeting of the legislature the point 
was raised that it was a special and not a regular meeting and 
the attorney-general and the courts decided against the objec- 
tion. We took that question up in the Board of Directors and 
considered that a good precedent to follow. That the special 
meeting of the Society was really a regular meeting; it was a 
regular meeting in that it was regularly called. 

Chairman Hale: Mr. Donnelly was appointed by the Coun- 
cil, to investigate as a member of the Council, the question of 
the legality of our operating under certain provisions of the 
constitution and by-laws due to the fact that we were not in 
exact accordance with the law relative to the charter and the 
report made by the Council at the summer meeting was in 
accordance with the report of Mr. Donnelly. So Mr. Donnelly 
is more thoroughly acquainted with that than I am,, and with 
your permission he will explain. 

Mr. Donnelly : Just that point as to the necessity of holding 
a special meeting. In our constitution we stated that we would 
hold two meetings a year; the laws under which we were incor- 
porated state that meetings of this membership corporation must 
be held in the city in which our principal office of business is 
located; that means that we cannot hold a meeting of the 
membership of this Society outside of New York City, no meet- 
ings of the corporation at all ; that means that the meetings we 
have been holding in the summer have really been professional 
sessions for the discussion of papers and meetings in which no 
business having to do with the business of the Society could be 
transacted. Therefore, the new constitution calls the annual 
meeting a meeting and calls the other assemblages professional 
sessions for the discussion of papers. Of course in reality we 
cannot transact any business at either a special meeting or 
annual meeting, excepting the election of officers and the recep- 
tion of reports of officers and board of directors. Now the fact 
that wc could not hold a meeting and could not propose an 
amendment of the charter in Buffalo made it necessary to hold 
a meeting in New York City. I consulted a member of the bar 
and he stated that a recent opinion of the Attorney-General had 
held that there was no authority or law for holding a meeting 
outside of the city where the business office was and there was 
no possible way of holding such a meeting outside the state with 
the exception of membership corporation that runs over five 
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thousand membership and they elect delegates and hold meet- 
ings anywhere in the United States, the different associations 
being represented by them. 

On motion the matter was laid on the table to be taken up the 
last session on Thursday. 

Secretary Scott: One of the members brought up this after- 
noon a question regarding the statement of assets and liabilities 
as presented in the Council's report. Probably a word of explan- 
ation is necessary. We have something like 2,000 volumes of 
the proceedings on hand which were put in at $3 per unit. In 
arriving at that I took several things into consideration. First, 
the cost of publishing those volumes. Second, what it would 
cost to reproduce them and the rapidity with which those vol- 
umes of proceedings are moving. Last year we sold something 
like $400 worth of the proceedings, $483.85 — ^almost $600 worth 
of the proceedings were sold last year. 

President Hale: I have just received a report of the com- 
mittee to count the votes cast for the nominating committee. 
They report as follows : 

F. K. Chew 23 

P. H. Seward 21 

J. I. Lyle 20 

C. F. Newport 17 

J. D. Cassell 17 

These gentlemen will therefore constitute the Nominating 
Committee for the purpose of recommending candidates for offi- 
cers for 1916. 

Considerable discussion obtained at this time in relation to 
changes in the constitution, but no action was taken at this ses- 
sion as it was thought best by the Chair to take it up at a later 
session under unfinished business. 

It was then moved and seconded and voted that the session 
adjourn. 
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First Day — Second Session. 
Tuesday, January 20, 1914 

Meeting called to order by Vice-President Franklin, at 8 :25. 

Dr. E. Vernon Hill read a paper entitled, A Report on the 
Work of the Ventilating Division of Chicago Health Depart- 
ment. 

It was discussed by Mr. A. B. Franklin, Prof. Wm. Kent, 
Mr. Davis and Dr. M. W. Franklin. 

President Hale arrived at this time and took the Chair. 

President Hale: The next on the program is a report from 
the tellers who canvassed the votes of the election. Mr. Kieb 
will report. 

Mr. Kieb: Your committee begs to submit the following as 
the result of the canvass of the ballots for officers and man- 
agers of the American Society of Heating and Ventilating Engi- 
neers for 1914. 

The Committee found that 139 ballots had been received. One 
member refusing to vote for "anyone iecause of the fact that 
there was only one ticket in the field. One ballot was rejected 
by the Committee, it being marked in such a way as to be unin- 
telligible. There are 137 ballots cast, making a total of 139. The 
following is the result : 

For President. 
Samuel R. Lewis 133 

For Vice-President. 

Edmund F. Capron 134 

Dwight D. Kimball 121 

For Treasurer, 
James A. Donnelly 125 

For Managers. 

Samuel R. Lewis 131 

Edmund F. Capron 132 

D. D. KimbaU 127 

James A. Donnelly 126 
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John F. Hale 133 

John R. Allen 128 

W. W. Macon 131 

Frank T. Chapman 137 

James M. Stannard 135 

Frank G. McCann 130 

Frank Irving Cooper 132 

H. M. Hart 130 

President Hale: According to the vote of the Society Mr. 
Samuel R. Lewis is declared President for 1914; Mr. Edmund 
F. Capron is declared Vice-President; Mr. D. D. Kimball is 
Second Vice-President; Mr. James A. Donnelly, Treasurer, and 
the Managers : Messrs. Lewis, Capron, Kimball, Donnelly, Hale, 
Allen, Macon, Chapman, Stannard, McCann, Cooper and Hart. 

Professor Kent raised the question as to the legality of the 
election. 

President Hale replied that the question of legality of pre- 
vious elections had been raised and the present election was 
held in accordance with the advice received from special counsel 
employed to look into and report on the question. 

Chairman Hale called for the report of the Committee on a 
Model Compulsory Ventilation Law, Prof. J. D. Hoffman, Chair- 
man. 

In the absence of the Chairman of the Committee, the report 
was read by Mr. Frank K. Chew. 

The Chairman explained that this was not a complete report 
but was one of progress only and was not yet in shape for pub- 
lication. 

It was discussed by Mr. Chew, Mr. Hale, Mr. Hart and Mr. 
Weinshank after which it was voted to bring it up again for 
discussion at the next session. 

On motion duly put the meeting adjourned at 10:16 p. m. 
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Second Day — Special Session 
Wednesday Morning, January 21, 1914 

Meeting called to order at 10:45 by President Hale. 

President Hale: This is a special meeting that is not on the 
program, but which we considered advisable last evening be- 
cause of the fact that there was not sufficient time to discuss 
the subject of the report from the Committee on Legislation for 
Compulsory Ventilation. 

Mr. Weinshank, who is the Chairman of the Indiana Commit- 
tee on Compulsory Legislation, has had some experience in con- 
nection with the enactment of a law in that state, and has handed 
in a minority report. We will ask him to take such points from 
his report that may differ from the main report, and not read 
it in its entirety. The thought is to get his impressions and then 
discuss as to what further should be done to have the committee 
make a definite and final draft of a law that can be sent out 
to the various states or to the members of the committees, so 
that it will assist them in putting before the legislatures of the 
diflferent states a draft that would be satisfactory to the engi- 
neering societies or at least the American Society of Heating 
and Ventilating Engineers and be of assistance to them in get- 
ting something started in the right direction. We will ask Mr. 
Weinshank to make his remarks, not reading the entire report 
but touch the high points only. 

After Mr. Weinshank had spoken the matter was discussed by 
Mr. Lewis, Mr. Hale, Mr. Cassell, Mr. Chew, Dr. Hill, Mr. 
Myrick, Mr. Hart, Mr. Chapman, Mr. Quay, Mr. McCann and 
Mr. Davis. 

After the discussion, a motion was made that the Chair appoint 
a committee to take this report together with a copy of the dis- 
cussions made at the meeting and from that and any other data 
that can be collected to present their views on the subject at a 
later session. 

The Committee appointed by the Chair for the above purpose 
was Mr. Lewis, Dr. Hill, Mr. Busey, Mr. Cooper and Mr. Cassell. 

Chairman Hale: Inasmuch as this is a special session, no 
more business will be taken up, but the Secretary desires me to 
announce the fact that the paper of W. F. Vemer, The Flow of 
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Steam in Pipes, will not be received from the printer in time to 
present it at this afternoon's session, but that it will be presented 
at a later session. 

The special meeting adjourned at 12 :45. 



Second Day — Afternoon Session 
Wednesday, January 21, 1914 

Meeting was called to order by President Hale at 2 :30 o'clock. 

President Hale: The meeting is called to order. We will 
open the meeting by the reading of the two papers by Mr. A. M. 
Feldman, who is present this afternoon, one entitled "Cooling 
Two Rooms in a Country Residence," the other "A Ward Cool- 
ing Plant in a Hospital," and if read together and discussed at 
the same time we will save time and gain by it. We will defer 
the reading of the first two papers on the program until after- 
ward. 

Mr. Feldman reads both papers. The papers were discussed 
by Dr. Levey, Mr. Hale, Prof. Winslow and Mr. Payson. 

Chairman Hale: A portion of the work of the afternoon ses- 
sion yesterday, had to be passed on to a later session due to the 
fact that certain reports were not ready. The special committee 
of the Committee on Standards for the Standardization of the 
Use of the Pitot Tube, was appointed, and have met a number 
of times, first in Buffalo at the summer meeting, and they have 
met to-day also and are present, and Mr. Lyle, the chairman of 
that committee is ready to make his report. 

Report read by Mr. Lyle. 

The report was discussed by Dr. Hill, Mr. Busey and Mr. 
Verner, after which it was voted that the report be accepted and 
placed on file. 

President Hale: The next paper is one by Professor Allen 
and in the absence of the author the Chair will ask Mr. Verner 
if he will read that paper to the members after which it will be 
discussed. The subject is "Coefficient of Heat Transmission in 
a Pressed Steel Radiator." 

Mr. Verner reads paper. 

The paper was discussed by Mr. Verner, Mr. Newport, Mr. 
Busey and Mr. Donnelly. 
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President Hale then asked Mr. Cooper to present his report 
as chairman of the committee appointed to represent the Society 
at the International Congress on School Hygiene. 

Mr. Cooper read report after which it was voted to accept and 
place it on file. 

Of the committee appointed by you to represent the Society 
at the International Congress of School Hygiene held at Buf- 
falo, August 25-30, 1913, only two members were able to attend 
the sessions. The committee established headquarters at the 
Hotel Statler notifying the Chapter Secretaries and the various 
hospitality committees of the Congress. 

The purpose of the Hygiene Congress was to familiarize the 
public with modern methods of hygiene as applied to children in 
the schools. The papers read and the addresses delivered cov- 
ered a multitude of topics as will be noted by the accompanying 
official program. Papers were presented by members of this 
Society as follows: Dr. Milton W. Franklin read a paper on 
"Ozone in Ventilation." Mr. Dwight D. Kimball read a paper 
on "Some Phases of Ventilation" in which he reviewed the 
subject of ventilation from an engineer's standpoint. Mr. Frank 
Irving Cooper read a paper on "The Fire Hazard in School 
Buildings" illustrated by lantern slides showing school buildings 
planned to prevent loss of life from panics. 

One of the most important events so far as ventilating engi- 
neers were concerned was a round table conference of the medi- 
cal profession presided over by Prof. C. E. A. Winslow. It was 
conceded that the COj content of the air is not a source of 
danger in normal school rooms and that the oxygen content of 
the air would not be reduced to a danger point under ordinary 
conditions. 

There was also an exhibition of scientific and commercial meth- 
ods and appliances for teaching and carrying out the principles 
of hygiene. 

Over 2,000 delegates and members were in attendance and 
popular interest was so aroused that overflow meetings were 
held in connection with such topics as open air schools and sex 
hygiene. 

The congress was a success as there were present celebrated 
men bringing the results of long experience, profound study, 
and the deepest interest in the welfare of the children : as they 
compared views and stated experiences, one with another, the 
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conversations proved of the most attractive nature, rivalling^ 
papers read even by the greatest of the experts. 

At the close of the Sessions on Heating and Ventilating Build- 
ings, members of this Society in attendance dined together at 
the Committee Headquarters. 

There were present at this dinner: 

Mr. and Mrs. W. H. Bramn, 

Mr. John D. Cassell, 

Mr. Charles F. Eveleth, 

Dr. Milton W. Franklin, 

Mr. E. A. Scott, 

Mr. W. H. Carrier, 

Mr. and Mrs. F. Irving Cooper, 

Mr. J. I. Lyle, 

Mr. D. D. Kimball. 

It was also a great pleasure to have as guests of the Society 
Charles Logue, Chairman of the Boston School House Com- 
mission, and J. Horace Cook, Architect to the City of Phila- 
delphia. 

The next International Congress will be held in Brussels, 
Belgium. 

Respectfully submitted, 

Frank Irving Cooper, Secretary. 

Chairman Hale: We will hear from the committee on the 
National Conservation Congress. Have you a report on that, 
Mr. Secretary? 

Secretary Scott: One year ago a committee was appointed 
to represent the Society at the International Conservation Con- 
gress, at Washington. A report was brought in which was 
quite lengthy but there was nothing in that report of pertinent 
interest to this Society, so that in appointing a committee to 
represent the Society at the last meeting, the chairman was 
instructed that if in his opinion nothing transpired which would 
be of interest to this Society, it would not be necessary to bring 
in a report. Last week I received a letter from the Chairman of 
that committee stating that there was no report to be made, as 
there was nothing of interest to the Society. 

President Hale: The Secretary advises me that he has two 
reports to present, one on "Heating Coils under Fan Blast Con- 
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ditions" ; another on "Thermal tests of Heating Boilers," which 
were shown at the Institute of Thermal Research in Buffalo. We 
have these here and if it is your wish they will be read, or we 
will go on with other matters. There is an opportunity to bring 
this up at this time, and with your permission we will do so. 

Secretary Scott explained that these reports were made by 
committees who were appointed at the semi-annual meeting to 
place before the Society for its transactions a description of the 
manner of making the tests they had observed. 

Chairman Hale: Inasmuch as these two reports are only a 
matter of record so that our published transactions will have a 
definite record as to what was done at our summer meeting, it 
seems inadvisable to take the time to discuss them now, because 
many of the members here were there and saw what was done, 
Mr. Cooper have you a report on School Ventilation? 

Mr. Cooper : As Chairman, of the Committee on Heating 
and Ventilating School Rooms, I report that various experiments 
which will undoubtedly add much to the subject of school ven- 
tilation have been continued or undertaken during the past year. 

Professors of Technology are investigating the physical prop- 
erties of the atmosphere. Professors at Harvard University and 
at the Y. M. C. A. at Springfield have continued their experi- 
ments with air washers. 

Dr. Franklin and other experts are making further investiga- 
tions with ozone machines and Mr. Kimball, the member of the 
Committee, who is also a member of the New York State Com- 
mission, is engaged with the planning for a series of experiments 
to be made with actual school room conditions in Public School 
No. 51 in New York and be further studied under laboratory 
conditions at the College of the City of New York. 

These last experiments will extend over a period of years and 
will be conducted under the direction of the State Commission 
who have a fund of $60,000.00 for this purpose. 

Your committee of itself has not conducted any experiments 
this past year. 

Chairman Hale: There are topics for discussion set aside 
for this afternoon, the humidification of air for residence heating ; 
that naturally would be a part of the paper which was read by 
Mr. Feldman. However, if you wish to discuss that as a topic 
for discussion we will give you the opportunity of discussing 
it now. 

No discussion obtained in regard to the topic, but Mr. Chew 
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spoke in a complimentary way of the value of the work done by 
the Massachusetts Chapter both in investigation and in procur- 
ing new members. He also spoke in a similar strain in regard 
to the work of the other chapters. 

President Hale then asked the Secretary to read the paper of 
H. G. T. Theorell on the Heating Practice in Sweden. 

Secretary Scott read paper. The paper was discussed by 
Mr. Donnelly and Mr. Davis after which it was voted to print 
the paper in the volume of transactions. 

Secretary Scott: We have also a very comprehensive paper 
written by our member, Mr. Gustav Debesson, of France. You 
will find this a very complete paper with illustrations and I 
commend it to you as giving the status of the art in France. 
I hope to have this paper from the Publication Committee to 
read it before the meeting to-morrow. 

Mr. Chew at this time asked the privilege to discuss the 
printed topic "Reserve and Research Fund." Considerable dis- 
cussion took place in regard to this topic when it was voted that 
the Council should take the matter under consideration when 
they were working on amendments to the constitution and 
by-laws. 

The session adjourned at five o'clock on motion which was. 
duly put and carried. 



Third Day — Morning Session 
Thursday, January 22, 1914 

Mr. A. B. Franklin the Vice-President, took the chair, and 
called the meeting to order at 11:00 o'clock a. m. The first 
paper this morning is the "Life of Building Power Plants," by 
C. M. Ripley. 

Mr. C. M. Ripley read his paper. 

The paper was discussed by Mr. Kent, Mr. Verner and Mr. 
Bolton after which Mr. Ripley replied to the questions raised. 

Chairman Franklin: The next paper is that by Prof. John R. 
Allen "The time Element in Determining Radiation." 

In the absence of Prof. Allen the paper was read by Mr. Macon. 

The paper was discussed by Mr. Kent, Mr. Hart, Mr. Don- 
nelly, Mr. Bolton, Mr. Davis, Mr. Barron and Mr. Verner. 
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The Chairman: Now, there will be read a paper on the 
"Heating Practice in France," by Gustave Debesson, of Paris. 
Mr. Macon will read that paper for us. 

The paper was read by Mr. Macon and was discussed by Mr. 
Barron, Mr. Bolton, Mr. Hart, Mr. Donnelly, Mr. Kent, Mr. 
Vemer and Mr. Davis, after which a vote of thanks was passed 
to Mr. Debesson for his interest in preparing the paper. 

Secretary Scott: I just want to call attention to a little 
change in the program this afternoon, that is, the report of the 
Committee, considering standards for the guidance of the Com- 
mittee that is framing a model Compulsory Ventilation Law. 
They are at work on that this morning, and they are going to 
bring in a report this afternoon, in which they are going to 
recommend the temperature to which a school room should be 
heated, the humidity, the minimum amount of dust that should 
be allowed, etc. There is an opportunity for the Society mem- 
bers to do valuable work in helping the Committee. 

We hope to have a large attendance this afternoon, as there 
will also be a discussion on the constitution. 

The business of the session being completed, the meeting 
adjourned at 1 p. m. 



Third Day — Afternoon Session 
Thursday, January 22, 1914 

The meeting was called to order by Vice-President Franklin 
at 2 :30 p. m. 

Chairman Franklin: This afternoon, the first paper, and the 
only paper, I believe that has not been read, is "Heating Prac- 
tice in Germany," by H. W. E. Muellenbach, Hamburg. Our 
Secretary, Mr. Scott, will read that paper. 

The Secretary: This paper was sent in by Mr. Muellenbach 
in German, and had to be translated. I have not had very much 
time to give to it since it came back from the translators, and 
there may be some words in here which are translated incor- 
rectly. However, the reading of the paper will show that. Reads 
paper. 

In view of the fact that the paper had only just been read to 
the members, it was voted that the paper should be printed and 
discussed at some future meeting. 
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The Chairman: That finishes the papers that we have on 
the program. There are, however, a number of topics that 
should at this time be disposed of, if the society wishes to dis- 
cuss them. The first one is "The Standard Pitch for Steam and 
Return Mains." Is there any desire to discuss that topic? The 
Chair has no desire. "Standard Specifications for Cast Iron 
Radiators." Is there, any desire to discuss that topic? 

Mr. Donnelly: Mr. President, we want to get something 
started. I sent in that suggestion, so I might say a little bit 
about it. I believe at a former meeting, we said something about 
standard specifications. We have been trying to get a test on 
different heights and widths, and placings of radiators, and try- 
ing to get a little more information ; it seems as if we might get 
a standard specification of cast iron radiators. I do not know 
that I would be prepared to write one, but it might include a 
radiator of sufficient strength to stand pressure, and joints of 
sufficient durability ; it might include the quality of the material 
to come up to a certain standard, it might also define the work 
which the radiator should do under standard conditions. 

Those I have not given any detail thought to, but it seems 
as if a radiator might be specified as a standard construction, 
without naming the manufacturer, or particularly the type in 
detail, in much the same way as the standards of wrought iron 
or cast iron fitting pipe is specified. I would like to hear the 
views of some of the members. 

The Chairman : Any further remarks on this topic ? The next 
topic, if there is nothing further to be said on that topic, is: 
"The Efficiency of Radiators Enclosed Beneath Seats and Behind 
Grills." 

If there are any members who have had any experience on 
that subject, I think it is one that might be profitable, if they 
would present their views at this time. If not, we will pass on 
to the next topic, to the topics of this afternoon. 

The first one will be "The Proper Heating or Ventilation of 
Store Windows." Are there any remarks upon that topic ? The 
next topic is "Horizontal versus Vertical Loops in Wall Radia- 
tion." The next is "Co-Efficient Values of Heat-Transmission 
Through Walls of Different Building Construction." Has anyone 
any experience with fractional valves? 

Mr. Verner, I would like very much to see the manufacturers 
of fractional valves and the like get some information out that 
will tell us what drop in pressure will take place in their valves. 
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to deliver so many pounds of steam at certain entrance pres- 
sures to the valve. The heating and ventilating engineers are 
sadly behind the time when it comes to making an analysis of 
the steam distribution in various appliances. 

Let us look over the ground of the turbine people and find 
out what they have done. With regard to the steam turbine, 
they have it down to an absolute science, and they know what 
they are doing and what they are dealing with. I would like to 
see more experiments conducted, so that we could figure out 
what pressure of the steam is used up in the radiator in the 
piping, and we need specials when handling a certain amount 
of steam at certain, pressures. 

Mr. Otis: I would like to answer the last gentleman in this 
respect : I think it is the theory of all fractional radiator valve 
manufacturers that the valve, when wide open, will allow a suf- 
ficient flow of steam to fill the radiator and yet give practically 
no pressure at the outflow, and from this condition, by the move- 
ment of the valve, to cut the steam supply so that it will fill 
any desired portion of the radiator. Theoretically a table of 
correct sizes could b^ arranged, but practically it would be 
merely guess work. 

I do not believe any table could be made that would g^ve 
correctly the amount of sieam that would flow into the radiator 
at any given position of the valve, for there are too many other 
governing conditions. We all know from experience that it is 
practically impossible to accurately control the initial or boiler 
pressure and that the condensation in the radiator depends 
entirely upon the surrounding atmospheric temperature. 

A table that would give correct sizes for a piping system with 
an initial pressure of two pounds, would be entirely inadequate 
when the pressure dropped to eight ounces. So a system arranged 
under an eight ounce initial pressure would be out of balance 
if the steam pressure should creep up to two pounds. 

Under a fixed and stable pressure correct tables can be ar- 
ranged, but for ordinary installations with a possibility of vary- 
ing the initial pressure it is an impossibility. 

Mr. Donnelly: Mr. President, Mr. Verner seems to have set 
down, as the requisite, that the standard fractional system de- 
signs to use all the heat in the radiator, and allow no steam to 
pass to the return. In that case, I presume they have in the 
German and French method, an open return, but there are some 
systems on the market, which have a closed return, in which the 
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cycle is closed, and which is capable of carrying pressures, or 
working at four, six or eight ounces. 

I have talked with men who worked with Tudor and who had 
experience with adjusting fractional valves, 20 to 30 years ago, 
and they never could get an engineer to keep the pressure uni- 
form in the boiler, and the engineers would never leave the 
fractional valves alone. 

Mr. Chairman: Any further remarks on this subject? If 
not, there is another subject here that we will continue this 
experience meeting on, and that is a topic left over from Wed- 
nesday afternoon of "The Experience in Heating Concrete Con- 
struction." Is there any gentleman who wishes to speak upon 
that subject? 

Mr. Otis: In order to start the ball, I will give my experi- 
ence. 

I am going to take two examples, both of which were con- 
crete buildings, but my troubles came from the roof construc- 
tion, which, of course, was concrete. In the first place, on one 
building it showed in the upper story, a ceiling four feet below 
the roof, and the roof was to be an eight inch slab of concrete, 
with eight inches of slag on top, all covered with the usual 
method of a concrete roof. It looked all right, I figured out my 
radiation, and put in the job. The other case, we did not have 
any such ceiling but we had a four inch slab, with six inches of 
slag on top of that, and then covered with tarring. In the first 
job, when the building was finished they had left off the false 
ceiling, and I could not heat the building. In the second job, I 
found out that in zero weather, I had to figure the leakage 
through as I would figure a concrete slab ; I found in zero weather 
that the eaves were dropping; and the floors were cold. 

Mr. Lewis : I think too often the tendency on the part of the 
heating engineer is to put in additional radiation, to take care of 
trouble in heating and that this tendency is one of our very seri- 
ous weaknesses, which we should correct. We should insist on 
tighter windows, warmer walls or false ceilings, when the same 
are of improper construction or if we have to spend the money 
ourselves, we had better spend the money in making the build- 
ing right, rather than providing more radiation, thereby cutting 
down in the future, the cost of operating the plant. I have had 
a number of installations of that sort where a wiser investment 
was made by repairing the building than by adding to the heat- 
ing plant. Very often, with leaky windows, uninsulated steel 
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ceilings on top floors, solid concrete roofs, etc., the building can 
be made tight easier than the heating apparatus can be in- 
creased, and thereby the owner is saved additional useless fuel 
cost for years to come. 

Mr. Hart: I might relate an interesting experience. It does 
not bear directly upon concrete walls, but it does on something 
that we are confronted with now, and that is a metal sash. A 
great many of the metallic window sashes being put on the 
market to-day, are not as tight as the old wooden sash, that we 
were used to, and provided for, and in a number of cases it is 
difRcult to know what to do. We had one case where we failed 
to heat the building, and we went back and increased the radia- 
tion 33 1-3 per cent. It was 'in an office building, and after we 
had made the change, we still got a complaint that the people 
could not inhabit those offices, as they were too cold. These 
buildings were provided with automatic regulation, and we went 
back and looked over the building, and found in nearly every 
instance, the automatic control thermostat thermometers regis- 
tered 70 degrees or over ; nevertheless, the offices were not habit- 
able, on account of the draft, and it became necessary for them 
to admit that we had fulfilled our contract, and they spent con- 
siderable money in stopping leaking joints in the building after- 
wards. I think they had no further trouble after they got the 
sashes reasonably tight. 

Mr. Davis : If I may be allowed to digress — it is not strictly 
to the talk before us ; but the amount of radiation necessary to 
put in afterwards depends entirely on the amount of the leakage 
you figure on, according to the best data on leakage that we 
have, the average leakage through a window crevice is some- 
thing like three cubic feet per minute for each 1-32 of an inch in 
width of crack per lineal foot. That is, a crack in the window 
12 inches long, one thirty-second of an inch wide, will leak as an 
average, three cubic feet of air per minute. That is based 
approximately on 15 mile wind, which is probably the average 
winter conditions. The average metal sash, such as Mr. Hart 
speaks of, will be very nearly one-eighth of an inch wide in the 
crack, and you can readily see that there is room for trouble. 
The Baltimore & Ohio office building in Baltimore, was one of 
the first large office buildings that I know of, built with hollow 
steel sashes ; the heating in that building was laid out, I presume, 
fairly liberal, but on the north and west side of that building 
the radiation was practically doubled and the elevator shafts 
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for about eight or ten stories, were lined with radiators, but they 
still have trouble with this building being cold. 

Mr. Hart: I do not want to occupy the floor a length of time, 
but Mr. Davis brings up a subject that might bear considerable 
discussion and thought experimentally, and that is the leakage 
in buildings, because in office buildings it is quite a serious sub- 
ject, and bears directly on the construction of the building. We 
all know that in the leakage through windows, on the side on which 
the wind blows, the draft tomes in at the bottom of the building, 
and out at the top. In one building in Chicago, the engineer is 
quite an intelligent man, and he has been trying to get some 
data on that for two years; he has devised all kinds of devices 
for taking care of the draft pressures, and has collected some 
very interesting data. He has tried to determine how much air 
he has to heat, and what the saving will be, by putting in doors 
on various floors, and stairways, to block off this chimney effect 
on the tall buildings, it is a very interesting subject. With 
reference to where the contractor is responsible, it ceases on leak- 
age through a metal sash. We recall the task of the Chicago 
Hall, where we were roasted pretty hard in the newspapers with 
the failure of the heating, and they have a sash to windows, 
12 feet high, a bronze sash, and the cracks in some instances 
were three-quarters of an inch, and the snow blew in, so that they 
could not work in the room at all. We finally convinced them 
that they could not hold us responsible for that condition. 

Mr. Ed. K. Munroe: Mr. President, as a matter of interest, 
I would like to relate an experience that I have had during the 
past year ; viz. : in the heating of quite a large concrete building 
in the city of Baltimore, Md. 

We have a building there. The Industrial Building, it is 247 
feet long by 160 feet deep, it having two courts and being shaped 
as the letter "E." It has seven stories and a well lighted base- 
ment, is of concrete construction on steel frame work. 

I have not figured the glass surface as relating to the side 
walls but would not hesitate to state that at least three-quarters 
of the outside wall exposure consists of glass, three-sixteenths 
inch thick, wired. The window sashes are of steel and are cemented 
into the walls practically air tight. In the center of each sash 
there are several six light pivoted sash for ventilation, around 
which is the only possible air leakage, which is slight. 

The entire building is heated by means of cast iron wall radia- 
tors placed under the windows on the outside walls only. 
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The point I desire to make is that we guard against two pos- 
sible mistakes, to which I will refer later on. 

The building was designed by one of our leading mechanical 
engineers, who apparently figured out the radiation amply large, 
with the exception of, as was later proven, the seventh floor. I 
might say that I was not surprised, because there was so little 
air leakage, and the fact that it was a concrete building did not 
effect the conditions seriously, except as regards the roof, which 
I attribute to the thickness of the walls. 

The lack of heat in the entire seventh floor was the only 
source of trouble last winter, and this is the main point of my 
remarks. 

The roof being only five inches thick, consisting of concrete 
slab with a cinder fill and slag roofing, proved a remarkable con- 
ductor of heat as shown by the rapid melting of the snow and 
the lack of comfort in the room below, there being no air space 
below the roof which formed the ceiling of the seventh floor, 
which averaged 16 feet high. 

The radiation originally installed was 40 per cent, greater 
than that on the lower floors which was considered suflicient 
to care for these conditions. It became apparent to me from the 
early fall that this was not to be the case. 

When the building was being heated during the very cold 
weather, whilst the inside temperature was around seventy de- 
grees in the lower floors and halls, the temperature was any- 
where from fifty to sixty degrees on the seventh floor, depending 
on the amount of snow on the roof. 

When it became apparent that it was absolutely necessary, the 
owners had installed an additional 5 foot section on top of each 
and every 8 foot section of wall radiator in that entire floor, 
which together with the 40 per cent, already installed, netted 
100 per cent, more, or just double the amount of radiating sur- 
face for the top floor having the roof exposure as for any other 
floor in the building. 

This in my experience was unprecedented, and I will add 
that it worked out absolutely correct, as now the temperature 
throughout the building is about as even as it could be without 
a temperature controlling device, of which there is none in this 
case. 

This also had the effect of increasing the velocity of steam in 
the risers to a very considerable extent, and made it necessary 
to carry in very cold weather from two to three pounds greater 
steam pressure, and here is the other point I desire to make. 
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I am convinced that the size of the risers feeding such a con- 
dition should be one size larger than the radiator connection, 
and also that by so doing the steam pressure at the boiler may 
be kept nearer normal, I particularly refer to low pressure gravity 
work, viz. : from 2 to 5 lbs. pressure. 

Our experience in this case was that while the risers were 
not too small to fill the radiators on the seventh floor when the 
outside temperature was 20 degrees or lower, but the pressure 
at the boiler had to be increased to reach the seventh floor ; and 
by increasing the pressure at the boilers from three pounds to 
six pounds gauge we could fill the top radiators entirely, whereas 
with two pounds pressure, with 30 degrees outside temperature 
it could be accomplished before the additional radiation was 
installed. 

Again I found the top radiators were inclined to pocket the 
air, particularly with lower steam pressures and only when the 
plant was being operated during the day and not during the 
night. 

We insisted on the plant being run day and night, and so not 
allow the system to get full of air: after they began this plan 
there was not a bit of trouble experienced in heating the entire 
building with from three to six lbs. gauge pressure. 

Last Saturday afternoon, I approached the building with the 
engineer and he said to me, "I am very much gratified, Munroe, 
that we did not have a single complaint from any one of the 
tenants in that building, during the last few days ; during which 
period the temperature had been down below zero day and night. 

This proved conclusively that the plant was absolutely ade- 
quate. 

I will also state that the coal consumption did not increase to 
any considerable extent by reason of the addition of the radia- 
tion on the seventh floor, which fact I attribute to the tempera- 
ture of the floor having been raised from 55 to 70 degrees and 
there maintained the condensation was proportionately lessened 
in the original 60 per cent, of the radiation. 

This system is a two pipe Jenkins Positive DiflFerential sys- 
tem, and is working most satisfactorily. 

The main point I desire to make is that in a concrete building 
we must install sufficient radiation on the top floor, and I am 
convinced of this fact, that in similar buildings if we can get 
our main steam lines installed in the top floor next to the roof 
and feed downward, we will avoid considerable trouble. 
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Mr. J. W. H. Myrick : The ventilation in a new modern hotel 
in this city was so bad that they had to put a shaft through the 
building. I was talking with one of our Boston friends yester- 
day morning at our headquarters hotel. He said, "Are you 
going to stop for breakfast?" I said, "Yes, have already scented 
mine." We were coming down the elevator .shaft. Now, this 
inside suction, in this great big elevator shaft, running to the 
top of the building, is analogous to a great big chimney, and your 
heat is going to go up and through that, and there is nothing 
more natural, taking along whatever odors can escape to that 
point. At breakfast it was chilly, and my friend said, "I had to 
change my seat in the dining room at the same hotel, on account 
of the cold air coming in through the window." This question 
of inside suction, and leakage of cold air, you have to consider, 
and it is very important. 

At the Algonquin Club of Boston, Professor Woodbridge, of 
the Institute of Technology, guaranteed a draft up through their 
billiard room flue. The down-draft was so severe that it burst 
the steam coils, because there was a big winding staircase, which 
took everything up through the center of the building. 

You have got to have doors to cut off that inside suction, the 
same as for fire protection, and at Back Bay, Boston, the chim- 
ney flues are covered with all sorts of devices to try to create 
a draft in a small flue; and inside suction makes down-draft. 
That inside suction has fooled a great many engineers. 

With regard to the Everitt High School, Massachusetts, I 
was called to look that building over, and one of our members 
was the engineer. There were two great big huge shafts going 
right up through the building. The top rooms did not need any 
increased radiation, as Brother Munroe said. They had the 
whole heat of the whole building, and it was so hot that they 
had to open all the windows, and that spoiled the ventilation 
system of the whole building. In the toilet room, particularly, 
they had a nice outlet, but no inlet. That I have found in 50 
per cent, of the school houses I have been in. The ordinary 
school room has the inlet and outlet, but this toilet had simply 
an outlet, the doors opening into the big hallway, which were 
continually open, made a down-draft, in the supposed outlet 
flue taking all the odors of the toilet room up through the whole 
building. 

Mr. Davis: Mr. President, the question which Mr. Munroe 
brought up, about the drafts through a building, is one of the 
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questions that I think deserves a great deal more attention than 
has been given to it. 

The Secretary presented the Auditor's report which read as 
follows : 

We have gone over the books of the Secretary and Treasurer 
and found them correct and in accordance with the statements 
made. 

^. - ( Frank K. Chew, 

( Arthur Ritter. 



The Chairman called for the discussion under the head of new 
business and Professor Kent presented some views in relation 
to the amendments to the constitution which were to be sub- 
mitted to the members for approval or otherwise. 

After considerable discussion by a number of the members, 
the proposed changes were discussed section by section and so 
voted on after which the Council were directed to prepare a 
ballot with the necessary explanations as to the reason for each 
of the changes; said ballot to be submitted to the members for 
their approval at a date to be selected. 

Chairman Franklin : We have now completed all the busi- 
ness of the meeting except the installation of the officers. Mr. 
Samuel R. Lewis, the President elect, also Mr. Edmund F. 
Capron and Dwight D. Kimball, Vice-Presidents elect, will now 
be escorted to the Chair for installation. 

Mr. President, it gives me great pleasure at this time, to in- 
form you of your election and to felicitate you on the honor con- 
ferred by the American Society of Heating and Ventilating Engfi- 
neers in calling you to this high office. 

I trust as the year goes on your attention will be so given to 
this office that it will prove the wisdom of the members in con- 
ferring upon you this high office. 

To the Vice-Presidents, my word is this: It is well-known 
that a Vice-President is usually considered a zero, so to speak, 
and looked upon a good deal in that way, but, having occupied 
the office myself as Vice-President, I have thought that perhaps 
there was something more than being a zero in connection with 
the office, and so it occurred to me that the President should be 
signified in this way, as — 1. A Vice-President, perhaps a zero 
— 0, but with one Vice-President it makes — 10. With two Vice- 
Presidents you have 1-0-0 — 100. So that, Mr. President, by the 
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support of your Vice-Presidents, you stand for 100 men, and the 
work of 100 men will be expected from you by the aid of these 
two able supporters. 

The Managers will now come forward, and the Committee 
will also escort Mr. James A. Donnelly, the treasurer. 

The following Managers came forward: 

Samuel R. Lewis, 
Edward F. Capron, 
Dwight D. Kimball, 
James A. Donnelly, 
John F. Hale, 
John R. Allen, 
W. M. Macon, 
Frank T. Chapman, 
Jas. M. Stannard, 
Frank G. McCann, 
Frank Irving Cooper, 
H. M. Hart. 

The Chairman: Mr. Treasurer, it is the pleasure of this 
society, knowing your good work in the past, to continue the 
office upon you. They show their confidence in your faithful- 
ness, and in your ability to conduct the office of Treasurer. As 
you have done well in the past, so I desire, and the members 
desire, that you shall do well in the year to come. I trust that 
the members looking upon their Treasurer will find that it is 
their duty to see that he is supplied with funds. 

Gentlemen of the Board of Managers, I also felicitate you in 
your selection as the men who are to govern this body for the 
coming year, and I trust it will be your pleasure, as well as your 
duty, to in every way you can, forward the interests of this 
society, and you can do nothing better than be faithful in the 
attendance at the Council meetings. I have been lax in duty 
myself at times, and in connection with that, I am prepared to 
give you very good advice — not to let it be said of you that you 
have been non-faithful. 

I congratulate you one and all upon the high honor that has 
been conferred upon each of you, and we now will be glad to 
hear from the President, Mr. Samuel R. Lewis. Mr. Lewis, you 
are now President. It is my pleasure to retire from the rostrum. 
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(Here Mr. Samuel R. Lewis took the Chair.) 

Mr. Lewis: Gentlemen, I cannot think of anything that 
could be a greater pleasure than to have this installation carried 
out by one of the older members of the Society, than whom there 
is no more loved member in our whole Society, and I am very 
sure of that. I think it is particularly fitting that the reins of 
office should have been turned over by one of our older members 
to this organization of officers, who are all younger members. 
We have a great standard which we must try to meet, and I 
belfeve there is no question but that I will have the finest sup- 
port that any man could get in attempting to make that 100 per 
cent, efficiency that has been marked on the blackboard. For 
my part, I will work as hard as I can to that end. I thank you 
very much. 

Mr. F. K. Chew; Mr. President, I would like to say that I 
am very much pleased to think that an old custom which has 
fallen into abeyance in recent years has been renewed, because 
Mr. Franklin happened to be in the Chair. I have always felt, 
that the office with which the Society offers a man, is an active 
responsibility, rather than the passing honor, and I believe that 
it should be a part of the business, or the ceremony of every 
annual meeting. A man being elected, instead of hurrying out of 
town, should feel it part of his duty to be here, he pledged in some 
measure that during the year for which he is elected, he will 
give some time and attention to the work of the Society. I 
make, as a suggestion to the President, who has the power to 
appoint an Installation Committee next year, that he can select 
the older members, or charter members, as he pleases, to see 
that the obligation, or rather the responsibility which these men 
assume, is not assumed too lightly. It has been assumed too 
lightly too many times. Everybody has been pleased with Mr. 
Franklin's action in renewing something that was formerly done. 
I suggest to the President he provide for the installation of the 
officers next year. 

President Lewis : I think the suggestion is excellent, and the 
Chair will promise to remember it. I think it will be hard to 
find any of the old guard who could do this thing in so pleasing 
a way as Mr. Franklin did it to-day. I was deeply moved and 
touched by the way he did it. 

Mr. Hart: Mr. President, I would like to take this oppor- 
tunity to offer a vote of thanks to the Entertainment Commit- 
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tee, both the ladies and gentlemen, for the loyal and most excel- 
lent manner in which they have provided the entertainment for 
the visitors to this meeting, and I move that a rising vote of 
thanks be given to this Committee. 

This was seconded and carried unanimously. 

The President : The Committee appointed yesterday to report 
on the suggestions to be made to the original Committee of 
Compulsory Ventilation, did not report. Mr. Busey will now 
deliver that report. Perhaps it is wise to say that this is not 
for adoption; this is for reference to Professor Hoffman, the 
Chairman of the original Committee, and the Chair understands 
that the intention of the Society is that this original Committee 
should be continued in office, so that they may revive and com- 
plete this model law. 

Here Mr. Busey read the report, dated January 21, 1914. 

The President : I believe no action is necessary on this report, 
and it will be forwarded to the Chairman of the Committee on 
Compulsory Legislation. 

The Chair wishes to thank the members of that Committee 
for the work they did, and to assure them that they will be held 
to the promise that they have made, to furnish additional infor- 
mation. 

Is there any other business? In the failure of any suggestions 
of other business at this time, I would like to say something that 
my embarrassment caused me to forget a few minutes ago, re- 
garding the Committee for Compulsory Ventilation, and for 
Legislation. I think the Committee is too large. I think it is 
too cumbersome. With the permission of the Council, I think 
we will try to reduce the size of that Committee, picking out the 
members who are effective. The policy of the administration, 
insofar as the President can influence it, is going to be toward 
the requiring from specific members, all the specific things,, 
which they will be called upon to do. Their promise will be 
secured, and we will keep after them and make them furnish 
what they agree to furnish. 

The policy of the administration is going to be as far as pos- 
sible, to have Committees acting locally, so that they may meet 
and by contact get a little better action. 

Mr. Myrick: I would like to ask you to ask the Council, if 
they might not allow the Chapter to put it before them to con- 
sider the names for membership of the Legfislative Committee^ 
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SO that we might have people in our Commonwealth whom we 
might know are members of the association. 

The President: I think that is a good suggestion. That 
goes along the line of one of our discussions this afternoon. It 
is highly desirable that one administration carry over from the 
previous administration, or the old administration, and get the 
benefit of their experience, and they will know who will work 
and who will do things, and who can be depended on. That 
will be taken into consideration. 

A meeting of the Council or Directors will be held immedi- 
ately. 

On motion the meeting adjourned at 5 :45 p. m. 
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REPORT ON WORK OF VENTILATION DIVISION OF THE 
CHICAGO HEALTH DEPARTMENT FOR 1913 

BY £. VERNON HILL» M.D. 

A brief summary of work done by the Ventilation Division of 
the Chicago Health Department, for the past year, is shown ia 
the accompanying Chart 1. 

The heading "plans examined" refers to the total number sub- 
mitted to the Division during the year, of which 473 were approved 
as complying with the requirements of the ordinance. 

The total number of installations inspected comprises ventilating 
equipments of every kind, from an exhaust fan in the alley wall of 
a restaurant kitchen to the complete installation in a large theatre. 

Of the various classes of buildings inspected, including theatres, 
lodge halls, schools, etc., some are equipped with mechanical venti- 
lating devices and some are not ; in each instance, however, a record 
is made, with a scale drawing of the building or room, with the 
proper notations as to the number of occupants, temperature, relative 
humidity, etc., and also the results of air analyses and bacterial 
counts. 

License applications inspected and approved cover new buildings 
or those that were remodeled or converted into theatres or halls 
where an amusement license is required. 

Complaints received refer mostly to letters received by the De- 
partment complaining of the poor ventilation of theatres and 
street cars. 

Street car test runs refer to tests made on 16 street cars which 
were equipped with various natural or mechanical systems of ven- 
tilation. These test runs occupy usually from 4 to 7 or 8 hours, and 
require two or sometimes three men. Anemometer readings are 
taken at the outlets or inlets, as the case may be, to determine the 
amoimt of air actually suited to the passengers. Dust counts and 
culture determinations are also made, and observations of tempera- 
ture, relative humidity, etc. 
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Street car inspections refer to inspections of cars in service in 
which temperature observations and air samples were taken. 

The 636 tests of equipments installed include 206 theatres in 
which the installation has been made in the past six months, 114 
theatres that were built or ventilated during the preceding winter, 
and 216 existing theatres, schools, and other buildings in which the 
equipment is more than two years old. 

Of the 1236 air samples analyzed 920 were taken in theatres, 
schools, etc., and 316 in street cars. Of the cultures 380 were 

CHART 1.— WORK OF VENTILATION DIVISION FOR YEAR 
ENDING DEC. 30. 1913 

Plans examined 1029 

Plans approved 473 

Installations inspected 1167 

Buildings Inspected— 

Theatres 630 

Dance and lodge halls 95 

Schools 12 

Churches 9 

Police stations 12 

Department stores 17 

Restaurants 21 

Bakeries 5 

Others 201 

Scale drawings made 894 

License application 'inspections 318 

License applications approved 289 

Complaints received and inspected 134 

Total re-inspections 2009 

Street car test runs 16 

Street car inspections 230 

Tests of equipments installed 536 

Total air samples taken 1236 

Total cultures taken 580 

taken in theatres, schools, police stations, department stores, and 
200 in street cars. 

In addition to the foregoing the Division has spent as much time 
as was consistent with the other duties of those connected with it- 
in making dust counts and bacterial examinations of the air in various 
places, tests to determine the rate and method of diffusion of air 
in street cars, schools, and theatres which were equipped with various 
types of mechanical ventilation, and some other tests, such as the 
comparing of different types of Pitot tubes, air sampling appa- 
ratus, and similar work that was necessary to enable the department 
to form standards of comparison. 
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PRIMARY SENSE IMPRESSION 

Methods employed, — ^AU inspectors are instructed to note the im- 
pressions experienced immediately on entering an auditorium, street 
car, or other enclosed occupied space, and to record the same care- 
fully. It is interesting to observe how soon the sensory nerves 
become educated to slight changes in air conditions in those in- 
spectors who are on night duty investigating the ventilation in 
theatres. The following incident will illustrate: A mechanically 
ventilated theatre was visited by one of the inspectors on a cold 
evening in November. This theatre has a system which supplies 
26 cu. ft. of air per person per minute and was in operation 
at the time of inspection. The condition of the air appeared very 
satisfactory and no samples were taken. The inspector left the 
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CHABT 2.-^&£ACHINB FOR MAKING DUST DBTBmMI NATIONS 

theatre, but having forgotten some detail returned in about 15 
minutes. He states in his report that on entering the door he 
immediately observed a change in the condition of the air from his 
former visit ; it was close and oppressive, the temperature appeared 
higher, and there was a distinctly objectionable odor. He went im- 
mediately to the manager and asked him what was the trouble. The 
manager feigned ignorance, so the inspector investigated. He found 
that a recirculating duct, which was installed ostensibly for the pur- 
pose of warming up the theatre before the show began, but not 
intended to be used during performances, had been opened so that 
the air in the auditorium was recirculated and no outside air 
supplied. The inspector further states that on two occasions in 
other theatres the same thing has occurred, and he can detect the 



Digitized by 



Google 



60 



REPORT OF VENTILATION DIVISION, CHICAGO HEALTH DEPARTMENT 



change by the primary sense impression v^rithin 10 minutes from 
the time that the outside air supply is shut off and the recircu- 
lating duct opened. 

It appears from the analyses of 538 inspections where air sam- 
ples were taken that while the sense impression is usually a reliable 

CHAiRT 8.— COMBARATIVE RDSULTS ON FOURiTBDN POORDY VSNTII^TfiD 
AND THRBtB WELL VENTILATED THEATRES 



Numbers of Colonies on Plates 


Poorly VentUated 


Well Ventilated 


Theatre 


5 min. 
plates 


10 min. 
plates 


CX)a 


Theatre 


5 min. 
plates 


10 min. 
plates 


CO, 
















7.6 
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450 


41 
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8 




6.0 
18.0 




95 




42.5 




12 




10.6 
8.6 




54 








14 




9.0 
9.6 




160 








16 




8.6 
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27 




18.5 




17 








30 




19.5 
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12 


7. 




35 








3 




8. 
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27 




29 




14 


27 


14.6 




100 




20.5 






20 


12. 




100 
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11 


16 


16.6 


4 




62 


15.5 
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12 


16. 




24 


97 
43 


17 




12 


20 


12. 
12. 


5 




24 
60 


14 










9 


34 
30 


57 
53 


8.5 
11.5 










10 


55 
25 


83 
50 


9.5 










11 


12 
30 


50 
30 












12 


16 
23 


29 
64 












18 


66 
46 


82 
157 












14 


271 
213 


521 
221 
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65 
44 


51 
64 












10 


14 

38 


72 
62 












17 


51 

18 


70 
30 












Totals 


1702 


2462 


247 




120 


107 


169.6 


Numbers 


28 


24 


12 ' 




11 


6 


16. 


Average 


60.78 


102.58 


20.58 




10.4 


17.83 


10.69 



index to air conditions, such is not always the case. In audiences 
where people are unclean, or where a strong odor, such as garlic, 
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is present, the composite sense impression is obscured by the im- 
pression on the sense of smell. Also, when the outside temperature 
and relative humidity is high the impression in a theatre is worse 
than the actual conditions warrant. When we say the air conditioub 
in a theatre are good we mean that the temperature is not above 
70 deg. ; the relative humidity not above 66 per cent. ; the dust count 
not over 4.2, and the number of colonies on a five-minute plate not 

CHART 4.^CaMPARATIVB RESULTS IN TWO WDLL AND THREE POOlRLX 
VENTILATED THBATRHS— PIDLED HOUSES 



Number of Colonies on Plates 



Well venUlated 


Poorly ventilated 


Ttaemtre 


5min. 
plates 


lOmln. 
plates 


CO. 


Theatre 


5min. 
plates 


lOmiu. 
plates 


CO, 


1 

12 
14 


95 

64 

160 

10 

28 

271 

213 

01 

18 


450 

29 
64 
70 
621 
221 
30 


41 
42.5 


6 
8 


8 
12 

14 
16 
17 

11 

6 

12 


16 
12 
20 


7.6 
6.0 

13.0 

10.5 
8.6 
9.0 
9.6 
8.6 

15.5 

16. 

12. 

12. 


Total 
Number 
ATera^e 


900 

9 

100 


1385 
7 

197.85 


83.5 
2 
41.75 




1 

12 


48 

3 

16 


128. 
12. 
10.66 



SUMMARY 



1 Totals 


Totals 1 Averages | Averages | CDs 


CO. 


Theatres 


5min. 
plates 


10 min. 
Totals 


5 min. 
plates 


10 min. 
plates 


Averages 


Averages 


AU 

Well yentilated 
Poorly ventilated 
FUfed Houses 
AU 

WeU ventilated 
Poorly ventiUted 


1822 

120 

1702 

986 

96 

900 


2209 

107 

2102 

1433 

48 

1385 


46.7 
10.9 
60.78 

58. 

12. 

100. 


73.63 
17.83 
87.58 

143.3 

16. 

197.86 


364.8 
170.0 
247 

193.5 
114. 
83.5 


17.371 

10.59 

20.583 

19.35 

9.5 

41.75 



over 20. Under such conditions the carbon dioxide analyses will 
not be above 12 parts. 

DUST 

Chart 5 gives the number of dust particles per cubic foot of air 
found in certain locations and under varying conditions. These 
determinations are made by means of a dust machine, a drawing 
of which is shown in Chart 2. It consists briefly of a gas meter 
through which the air is drawn by means of a high pressure cen- 
trifugal fan. On the inlet of the meter is situated the filter, which 
consists of a glass receptacle containing 25 grams of sugar on a 
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100 mesh wire gauze. From 10 to 50 cu. ft. of air is drawn 
through the sugar, which is then dissolved in 100 c.c. of distilled 
water and the dust particles counted in a Sedgwick-Raf ter counting 
cell, with a ruled eye piece. Before collecting samples a large 
quantity of sugar is sifted and a control count made. During all 
•tages of the test the greatest care must be exercised to avoid errors, 
due to dust falling into the sugar, filters, diluted water, bottles, 
pipettes, counting cells, and different parts of the microscope. The 
counting cell is made by cementing a rectangular brass rim on an 
ordinary glass slide. The internal dimensions of the same are: 
length 50 m.m., width 20 m.m., and depth 1 m.m., giving it an area 
of 1000 sq. m.m. and a capacity of 1 c.c. A thick covered glass hav- 
ing dimensions equal to those of the outside of the brass rim forms 
the roof of the same. After thoroughly shaking the bottle of sugar 
solution containing the dust to be counted, the covered glass is 
placed diagonally across the cell and 1 c.c. is withdrawn by means 
of a small pipette and allowed to flow in through an opening left 

CHART 6.— MISOBLLANEOUS OBSDRVATIONfi OP THE NUMBER OF 
BACTERIA ON PLATE CULTURES 



MISOEGEiLANEOUS 





Place of 


l*erlod of 






Date 


LocaUon Observation 


Exposure 


Count 


Remarks 


•-20 


Otis Bldg. 


Before Washer 


1:0 


74 




•-20 


Otis Bldg. 


Before Washer 


1:0 






•-20 


Otis Bldg. 


Before Washer 


2:0 


123 




•-20 


Otis Bldg. 


Before Washer 


0:30 


1 




•-20 


Otis Bldg. 


After Washer 


1:0 


9 




6-90 


Otis Bldg. 


After Washer 


1:0 


5 




6-90 


Otis Bldg. 


After Washer 


2:0 


24 




•^ 


Otis Bldg. 


After Washer 


0:30 


6 




•-27 


Otis Bldg. 


Air Intake 


1:0 


15 




•-27 


Otis Bldg. 


Before Washer 


1:0 


6 




•-27 


Otis Bldg. 


Before Washer 


1:0 


22 




•-27 


Otis Bldg. 


Back of Baffles 


1:0 


6 




•-27 


Otis Bldg. 


Back of Baffles 


1:0 


4 




6-27 


Otis Bldg. 


Fan Room 


1:0 


2 




1-27 


Otis Bldg. 


Fan Room 


1:0 


3 




7-8 


8.S. Theodore Roosevelt 


Hurricane Deck 


1:0 





Raining, stormy, 
rough, forward 


7-8 


S.8. Theodore Roosevelt 


Cabin Deck 


1:0 





7-8 


8.S. Theodore Roosevelt 


Cabin Deck 


1:0 







7-8 


S.S. Theodore Roosevelt 


Cabin Deck 


2:0 







7-8 


6.8. Theodore Roosevelt 


Cabin Deck 


2:0 


1 




7-8 


8.8. Theodore Roosevelt 


Cabin Deck 


5:0 


1 




7-8 


S.8. Theodore Roosevelt 


Cabin Deck 


10:0 


1 




7-8 


8.8. Theodore Roosevelt 


Cabin Deck 


10:0 


2 




7-8 


8.8. Theodore Roosevelt 


Cabin Deck 


20:0 


20 


Near sea sick 


7-8 


6.8. Theodore Roosevelt 


Cabin Deck 


20:0 


29 
1 ** 


passengers, aft 










L 


^ 


Average 


7-30 


C. A. 8tevenB & Bro. 


First Register 
Second Register 
Third Register 


2:0 


61 


118 


84.5 


7-80 


C. A. Stevens Sc Bro. 


2:0 


51 


02 


56.6 


7-80 


C. A. Stevens & Bro. 


2:0 


48 


32 


40. 


7-80 


C. A. Stevens Sc Bro. 


Fourth Register 


2:0 


19 


32 


25.6 


7-80 


C. A. Stevens & Bro. 


15 ft. from No. 1 


6:0 


15 


IS 


14. 


7-30 


C. A. (Stevens & Bro. 


15 ft. from No. 2 


5:0 


27 


36 


81. 


7-30 


C. A. Stevens & Bro. 


Near Elevator 


6:0 


11 


14 


12.6 


730 


C. A. Stevens Sc Bro. 


Radiator by Ex. Desk 
Exchange Desk 


6:0 


21 




21. 


7-80 


C. A. Stevens Sc Bro. 


5:0 


86 




36. 


7-80 


C. A. Stevens Sc Bro. 


Cashier Desk 


6:0 


16 




IB. 
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by the diagonal piece of glass. The covered glass is then turned so 
that it completely covers the cell, which is now ready for the count. 
The ocular micrometer consists of a square ruled upon a thin 
disc of glass, which is placed upon the diaphragm of the ocular of 
the microscope. The square is of such size that with a certain 
combination of objective and ocular, and with a certain tube length 
of the microscope, the area covered by it on the stage is just 1 sq. m.m. 
Some of the results obtained by the use of this apparatus are given 
on the accompanying chart. It may be said that if the proper care 
is exercised the results will be very accurate, but as the equipment 
is heavy and cumbersome the apparatus is not suitable for use in 
occupied theatres. We have recently imported an Aitken portable 
dust counter, but have not up to the present time had sufficient 
experience with this machine to give an opinion as to its practica- 
bility for this work. 

TEMPERATURE AND RELATIVE HUMIDITY PERCENTAGE 

Temperatures are taken by standard chemical Fahrenheit ther- 
mometers in at least four locations in an auditorium. These are 
checked with the temperature observed on the dry bulb thermometer 
of the sling psychrometer when relative humidity determinations are 
made. 

CULTURES 

Cultures are made on standard Aagar plates, as recommended by 
The American Public Health Association for water and milk analy- 
ses. These plates are exposed for 5 and 10 minutes in theatres 
and 2 minutes in street cars. They are incubated for 48 hours 
at room temperature and the colonies counted. Recently Dr. Cald- 
well of the Municipal Laboratory, who has done most of our 
bacteriological work, has devised a very simple apparatus for making 
determinations of the number of bacteria per cubic foot of air. This 
consists of a galvanized iron tube 13 in. long and about 3J4 in. in 
diameter, capped at both ends. The tube is of such dimensions 
that its cubic content is exactly 2 liters. In taking a sample of air 
the caps from both ends are removed and the tube passed through 
the air by a horizontal motion until the observer is confident that 
all the air originally in the tube has been replaced by the air in the 
room. The upper cap is now replaced and the tube inverted over 
an uncovered Petri dish and allowed to stand for 20 minutes. At 
the end of that time it has been determined that all of the bacteria 
in the tube will have settled on the plate, which is then incubated 
and the colonies counted. Dr. Caldwell has made repeated tests 
with this simple device, with very satisfactory results. If a clean 
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plate is inserted after the expiration of 20 minutes no colonies will 
appear. This gives us a very simple and convenient method of 
making quantitative determination of the number of bacteria in a 
unit volume of air. 

CARBON DIOXIDE 

In all of the cases reported air samples were taken by means 
of a Paquelin cautery bulb in 26 c.c. rubber stoppered bottles by the 
displacement method. The samples were analyzed in the laboratory 



CHART 7. 



RESULTS OF TESTS ON TWO GBNDRAL METHODS OF STREET 
CAiR VENTILATION 



Cars In Service 



• 

Floor Intake 


Ceiling Intake 


Car Number 


2 Minute 
Colonies on plates 


Car Number 


Colonies on plates 
2 Minute 


614 
5740 


146 

62 

83 

200 

138 

301 

168* 

78* 

98* 


6708 


7 

47 
96 
16 
34 
20 


Total 

Number of plates 

Average 


1209 
9 
134.83 




219 
6 
36.5 



Note. — •Recorded counts are of one minute plate counts. 
On car No. 1567 two samples of air were taken through a sand filter, the bac- 
teria counts were 806.6 and 879 per cubic foot. 

SUMMARY 



Ventilation system 


Floor Intake 


Celling intake 




Car 


Car not 


Car 


Cnr not 




in service 


in service 


in service 


ill service 


Total number of 










colonies on all 










plates 


1209 


1293 


219 


379 


Average number 










on a plate 


134.83 


216.6 


86.5 


47.375 


Dust counts 




19.600,000 
12.800,000 




7,700,000 
5,660,000 



with the Peterson-Palmquist apparatus, except in S9me cases where 
the analysis was done by the modified Pettenkoffer method, for the 
purpose of checking results. After experimenting with the various 
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devices we have concluded that the displacement method of taking 
air samples is as accurate as any that has been devised, and much 
more convenient. The Peterson-Palmquist apparatus is accurate 
within Yi part in 10,000 if the analyses are carefully made. 

DESCRIPTION OF CHARTS 

Chart 1 shows the work done by the Division of Ventilation during 
the year 1913. 

Chart 2 is a drawing of the machine used for collecting air sam- 
ples and making a count of the number of dust particles per cubic 
foot. On the right hand side of the chart is also shown the fil- 
ter. If the filter is used with sugar, this is dissolved and a dust 

CHA»T 8. RB6DI/PS OP TE5STS ON STREET CARS WITH OEIIiIN6 INTAKES 
BACTERIA COUNTS ON ALIi CARS 



Floor intake 


Ceiling intake 


Car Number 


Colonies on 
2 minute plates 


Car Number 


Colonies on 
2 minute piates 


644 

1667 
6740* 


441 

140 

52 

83 

146 

200 

138 

801 

182» 

96 

136» 

348* 

168 

78 

93 


5708 


7 
47 
95 
16 
34 
20 
51 
24 
37 
16 
10 
52 
126 
64 


Totals 

Number of plates 

Average 


2502 
15 
166.8 




598 
14 
42.7 



Note. — ^Recorded counts are 3/2 of one minute plate. 
AVERAGES FOR CARS 



Car number 


1 Total count for 


1 Number of plates 


j Average number 


1 all cars 


1 exposed on cars 


1 colonies per plate 


644 


1451 


8 


181.375 


1667 


712 


4 


178 


6740 


339 


3 


133 


6708 


219 


6 


36.5 


5708 


379 


8 


47.375 



Total 
Average 



3100 
106.89 



29 



576.25 
113.25 



count made with a Sedgwick-Rafter counting cell, as previously 
described. In some instances we use sand in place of sugar in the 
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3 pigs injected 
2 died in 2 days 
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3 pigs injected 
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Alter, plate the sand in Petri dishes and make a count of the 
number of bacteria in a unit volume of air. 

Chart 3 shows comparative results of 14 poorly ventilated and 3 
well-ventilated theatres. The plates are exposed for 6 and 10 min- 
utes and samples analyzed for carbon dioxide at the same time. Al- 
though the total number is not sufficient to warrant positive con- 
clusions, the averages at the bottom of the chart are interesting. 

The upper part of Chart 4 compares results in 3 poorly ventilated 
against 2 well-ventilated theatres. Nine plates exposed in the 
poorly ventilated for 5 minutes as against 8 in the well-ventilated 
give an average bacteria count of 100 in the former as against 12 
in the latter. Totals and averages are again shown on the lower 
part of the chart. 

Chart 5 is a tabulation of dust counts made in various localities 
and under varying conditions. The number of the sample, the 
date and hour the same was taken are noted, together with the loca- 
tion. Under "Weather Conditions" the first column refers to the 
temperature; the second to the percentage of relative humidity; 
the third the barometric pressure, and the fourth to the direction and 
velocity of the wind. 

Chart 6 shows miscellaneous observations of the number of bac- 
teria on plat^ cultures. 

Chart 7 was prepared after making repeated tests of two general 
methods of street car ventilation. All cars on the chart, with the 
exception of No. 6708, are provided with a system of ventilation 
which draws the fresh air in through slots or intakes in the floor over 
heaters. Serious complaint was made by street car patrons of the 
large amount of dust in some of these cars, especially those in which 
the supply depended on a natural system, that is, globe ventilators 
on the roof which depended for their action on the velocity of the 
wind and the movement of the car. To meet these objections No. 
5708 was equipped with a mechanical system of ventilation in which 
the air supply was drawn in through the roof through especially 
designed diffusing intakes, and exhausted by means of a cone fan 
situated at the rear of the car below the floor line. The results of 
tests with this equipment showed that the average number of bac- 
teria on 2-minute plates was reduced about 75 per cent, as compared 
with those where the air is drawn in through the floor. 

Chart 8 is a repetition of the one just described, except that re- 
sults with the ceiling intakes are compared with different cars. 

Chart 9 was prepared by Dr. Caldwell, showing results of his 
examination of 17 theatres. These theatres were visited at random, 
without any knowledge beforehand as to how they were ventilated. 
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It will be noted from the chart that in place of sense impression 
notations Dr. Caldv^^ell noted more particularly conditions as to 
occupancy and sanitation. The interesting feature in this chart is 
the comparison of the carbon dioxide analyses with the number of 
bacteria on both 6 and 10 minute plate exposures. It will be ob- 
served by studying the figures that where the carbon dioxide analysis 
is lowithe number of bacteria is correspondingly so, and where the 
CO, analysis is high there is a correspondingly high bacteria count. 
On this chart where notations are found that certain exhaust fans 
are installed it should also have been noted that in no instance were 



CHA-RT MODIFIE7D FROM A STUDY IN THE VBNTIU\TI0N OF SLBSPING 
CARS BY THOMAS R. OROWDBR 



these fans found in operation when the temperature was less than 
60 deg. 

ANALYSES OF RESULTS 

In making analyses of various inspections and tests of the Di- 
vision during the past year several conclusions were forced upon us. 
While no discoveries have been made that are startling, I belieye 
that they are of sufficient importance to be commented on at this 
time. The tendency in the past few years has been to give little or 
no weight to the results of carbon dioxide analyses, or to the amount 
of air supply, and to emphasize the effects of a high temperature 
and relative humidity on the heat regulating functions of the body. 
This is due, undoubtedly, to the experimental work of Flueggc, 
Leonard Hill, and others, which indicates that high temperatures 
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and high relative humidity are responsible for the feeling of depres- 
sion in poorly ventilated rooms and that carbon dioxide in itself is 
harmless. Pettenkoffer demonstrated 50 years ago that carbon di- 
oxide was harmless under conditions ordinarily found even in the 
worst ventilated rooms. He and his successors continue, however, to 
use the COg analyses as an index of other supposedly injurious sub- 
stances in respired air. Repeated investigations by physiological 
chemists since that time have failed to find any poisonous or harmful 
ingredients in respired air, but the fact should still be emphasized 
that while such substances have not been found it would be unsci- 
entific and illogical to assume that they do not exist. We must, 
however, discard the belief that carbon dioxide is a measure which 
can be used to determine the presence of such impurities. 

The value of analyses of air for its carbon dioxide content has 
not changed, only its method of application. It is a measure, and 
a very accurate measure, of the amount of fresh air supplied and by 
reason of the fact that the fresh air supply bears a direct relation 
to the number of bacteria in the air, it is in this way a reliable 
index to the amount of dust and bacteria. 1 do not wish to be 
understood as making the statement that the amount of CO, 
necessarily bears a direct relation to the number of bacteria under 
all conditions, for this is not the case, but in theatres, dance halls, 
etc., where the air supply is not washed or recirculated our observa 
tions have convinced us that the larger the air supply (consequently, 
the lower the carbon dioxide content), the smaller the number of 
bacteria. This is to be explained in the following manner : When 
an audience is admitted to a theatre or other unoccupied room a 
large amount of dust and dirt is brought in on the shoes and clothing. 
This dust and dirt soon becomes liberated, stirred up from the 
floor, and soon fills the air. If no air change is produced by either 
a mechanical or natural system of ventilation the dust particles, 
with their attendant micro-organisms, remain suspended. If an ade • 
quate amount of fresh air from an uncontaminated source is brought 
into this theatre there is a dilution and removal effect, which soon 
clears the air of these suspended particles and very soon reduces 
their number. In this way we have come to regard a low carbon 
dioxide content as indicating a low bacteria count, and several hun- 
dred observations bear out this statement. 

A careful analysis of the accompanying charts will show that 
where the air supply is approximately 20 cu. ft. per person per 
minute, or more, the bacteria count will be less than 20 on a 5-minute 
plate. Where the air supply falls to 5 or 10 cu. ft. per person per 
minute the bacteria count will be correspondingly high. 
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RELATIVE HUMIDITY 

Repeated complaints were made to the Ventilation Division during 
certain periods in the Spring, and again in the Fall of the year, re- 
garding the ventilation of certain large auditoriimis. Investigation 
of these complaints in theatres, one theatre in particular which was 
supplied with 600 cu. ft. of air per person per hour, revealed the 
following conditions: On those days when the relative humidity 
outdoors was rather high, 55 to 65 per cent., and when the outside 
temperature was about 60 deg., we found that the humidity in the 
theatre rose to 73 or 74, or as high as 75 per cent. A simple math- 
■ematical calculation will show that where the difference in the out- 
side and inside temperature is not over 10 deg., and when the out- 
side relative hiunidity is high, the aqueous vapor added by the 
occupants of the theatre raises the inside humidity to an almost 
unbearable degree. In situations of this kind 1200 to 1800 cu. ft. 
of air per person per hour is required to relieve this condition. 

In conclusion I would say that to provide sufficient air movement 
to equalize the temperature and to reduce excessive humidity under 
the conditions above described, but particularly to maintain a bac- 
terial content compatible with health, a minimum of 1200 cu. ft. 
of air per person per hour is required. This means a carbon dioxide 
analysis of 9 parts per 10,000. 



DISCUSSION 

Dr. Hill: I feel that an apology is due the Society for the 
small amount of data that is shown on the charts in this report. 
This is not because more material was not available, but because 
it was impossible to tabulate the data at hand, owing to pres- 
sure of departmental work. I have prepared, as you will note, 
a chart of the entire work of the division for the past year. The 
charts and tabulations following this were prepared some months 
ago and t have not had the opportunity to bring them up to 
date, as I had expected. 

Prof. Kent: I note "when the relative humidity is high, the 
aqueous vapor added by the occupants of the theatre raises the 
inside humidity to an almost unbearable degree." I am glad to see 
that statement because for the last few years we have been hearing 
that we have not been having enough humidity. 

Dr. Hill: I would like to say in this connection that in a 
large number of observations of relative humidity in school 
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rooms and theatres, it is very rare, indeed, that we have found 
less than 30 per cent. Occasionally we have, but it is usually 
a question of too much humidity rather than not enough. 

A Member : I would like to ask Dr. Hill if he has established 
the best temperature at which to keep auditoriums of that char- 
acter. 

Dr. Hill : We never have. 

Professor Kent: Mr. President, there seems to be one little 
lapse that the Doctor might fix; the lapse is that in some cases 
the air is thoroughly mixed, but we have had papers before the 
Society showing that there was a tremendous difference in the 
amount of CO, in one part of the room and the amount in 
another. 

Dr. Hill: Prof. Kent answered his own question before he 
had finished. I did not go into that matter in detail, it being 
understood that this depends principally upon the diffusion of 
the air. The larger the number of samples taken, the more 
accurate the results will be. The Ventilation Commission of 
Chicago have been carrying out some experiments along this 
line. We made some tests in a theatre recently where the air 
was exhausted from the auditorium by means of two 24-inch 
fans placed on either side of the picture screen and about 12 
feet above the floor. The fresh air supply was drawn in at the 
opposite end of the theatre through two stacks of "vent" about 
6 feet above the floor. We placed standard candles (lighted) 
in every seat to give off COj and heat, just as the occupants in an 
auditorium would do under actual conditions. In these tests we 
make observations regarding air diffusion, etc., but what I wish to 
speak of particularly is the COj tests. In this case, the air 
entered at a temperature slightly higher than was originally in- 
tended, owing to a slow velocity through the coils. We took 18 
air samples, six below seats, six five feet above the floor and six 
one foot below the ceiling. These samples were analyzed for 
CO, to determine in which of these three strata the analysis 
would be the highest. It was expected that the CO, from the 
candles being of a higher temperature, would be found in excess 
near the ceiling line, but owing to the fact that the entering air 
was warmer than the air in the theatre, it rose to the ceiling, 
and being low in CO,, probably about four parts, we found this 
strata contained the highest percentage. The strata 5 feet above 
the floor contained 8 to 12 parts of CO,. The strata under the 
seats 6 to 7, and the strata near the ceiling 7 to 9. 
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Dr. Franklin : The question of temperature is perhaps one of 
the most important in connection with ventilation. Human 
beings differ in many ways: weight, color, likes and dislikes, 
etc.; but in one thing they seem to be fairly similar and con- 
stant and that is in the amount of heat dissipated. As between 
the Eskimo and the African negro, there does not exist a great 
difference in the amount of bodily heat lost in 24 hours. Human 
beings lose heat by convection and radiation in e:cactly the same 
way as any inert physical body, so that the amount of heat lost 
depends only on the difference in temperature between it and 
the surrounding air. The human body is a physical body at a 
constant temperature, so that aside from its limited compensa- 
tion for different temperatures of the surrounding medium, the 
colder the latter the more heat will be lost in a given time. In 
order that the loss of heat shall be constant, clothing of different 
characters is chosen according to the temperature of the air. 
When a man wears clothing he is surrounded by a volume of 
air that diffuses only slowly so that the factors of convection, 
radiation, and diffusion of heat adjust themselves to maintain 
the heat lost at a constant figure. 

The correct temperature at any place is a matter of choice. 
It is a function of the natural temperature of the body and of 
the amount and nature of the clothing worn. The former being 
a constant and the latter being a variable, the desirable tem- 
perature is likewise a variable. For any given room there is 
one temperature and only one, which may be called correct, that 
is : which will cause the normal amount of heat to be abstracted 
from the body, but this temperature is a variable, depending only 
on the clothing. 

In the north, where people wear fur and cover large portions 
of their bodies, the correct temperature may be one thing; 
whereas, in the south, where they cover less of their bodies, the 
correct temperature may be entirely different, but in both cases 
they dissipate the same amount of heat. 

In order to maintain a fixed temperature in a room, the desired 
temperature having once been decided on, there is one amount 
of air and only one for each quantity and temperature of enter- 
ing air which will maintain this temperature in the room. If 
the entering air is cold, only a small quantity is needed because 
the amount of heat given off by the people will warm it to the 
room temperature; whereas, if the entering air is warmer and 
nearer the temperature of the human body, a very large quan- 
tity is required in order that the room temperature may not rise. 
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Closely interlaced with all this is the question of humidity. 
Certain empirical mathematical relations between the tempera- 
ture and moisture content of air are known. Now assuming that 
any class of persons, that is : occupied with any class of activity, 
give off a constant average of moisture per unit time, we can 
write a mathematical expression for the exact quantity of air to 
be admitted into any room having given the following : 

The Number of People in the Room. 

The Magnitude of the Room. 

The Character and Extent of Wall Surface. 

The Outside Temperature. 

The Desired Temperature in the Room. 

The Desired Humidity in the Room. 

The Temperature of the Entering Air. 

The Humidity of the Entering Air. 

Briefly considered, the problem is this: Each person dissi- 
pates the same amount of heat per hour and the same amount 
of moisture per hour. The problem of ventilation is to keep the 
air in the room at such a temperature and degree of humidity 
that with the clothing normal for the location, the compensatory 
mechanism in the human skin shall not be taxed beyond its 
normal limits in either direction to maintain the occupant in 
comfort. 
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A WARD-COOLING PLANT LN A HOSPITAL 

BY A. M. FELDMAN 

The Mt Sinai Hospital of New York City is the first hospital, 
so far as the author has been able to learn, to establish an experi- 
mental plant for cooling two small wards, which were used during 
the past summer in treatment of children suffering from gastro- 
enteritis. The superintendent of the hospital selected two rooms on 
the first floor of the children's ward for the purpose in mind. The 
dimensions of the rooms are 8 ft. x 10 ft. x 14 ft. and 11 ft. x 15 ft. 
X 14 ft. respectively. The author was retained in an advisory ca- 
pacity and finally designed the cooling plant and supervised its in- 
stallation. 

Outdoor air is forced by a motor-driven Sirocco fan through a 
water-chamber in which the water is cooled by brine coils. From 
this chamber the air is forced through an upper chamber filled with 
additional brine coils, thence through short ducts into the wards, 
where the cooled air enters near the floor level. Open transoms 
allow the warmer strata of vitiated air to escape from the top of 
the rooms. Some air also escapes through the entrance doors 
when used by the nurse and the physician. The possibility of warm 
air entering from the corridor is eliminated. The cooling plant 
proper is located in the basement under room No. 1, as shown on 
plan, Fig. 1. It consists of a Greef air washer, a motor-driven 
blower and coils through which cold brine is forced, an elimin- 
ator for removing the free particles of moisture and heating coils 
for re-heating the air, if so desired. 

In the type of air-washer used, the air is forced through a body 
of water. A float-controlled valve maintains a uniform water level 
as the supply water is lost in evaporation. A brine coil of 5 sq. 
ft. is immersed in the water of the washer, and 66 sq. ft. of addi- 
tional cooling surface, divided into three sections, is installed in 
the upper shell. Thus the air is washed and partially cooled by 
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passing through cold water and then by passing over the cooling 
coils above. Brine is taken from a return main in connection with 
the refrigerating system of the building, pumped through the coils 
by means of a small motor-driven centrifugal pump and delivered 
to the same return. 

For the purpose of keeping a record of the condition of the 
air, two Bristol recording thermometers w.ere installed in the large 
room, one to register the outdoor temperature, the other the tem- 
perature of the room. The relative humidity was ascertained by 




Fig. 1. Location and Details of Air-Cooling l*lant 



means of a sling psychromcter. The experiments were conducted 
during the entire summer of 1913. Observations were taken in 
room No. 1 where three to four children were under treatment. 
Air was delivered at the rate of 250 cu. ft. per minute. In addi- 
tion to the temperature of this room, a record was kept of the 
temperature and relative humidity in the main childrens' ward 
where no cooling was done. Typical charts of the recording ther- 
mometers, are reproduced in Fig. 2, showing the records for the 
hours from 9 a. m., July 30, to 9 a. m., July 31, 1913. The outdoor 
temperature, as will be noticed, was 86 deg. at 9 a. m. rising 
gradually to an average of 92 deg. between 1 :30 and 4 p. m., then 
dropping gradually to 78 deg. between 5 p. m. and 6:30 p. m., 
when it began to rise again. The indoor temperature of the room 
was maintained at an average of 72 deg. between 9 a. m. and 3 p. m., 
rising gradually to 74 deg. at 7 p. m., which latter temperature was 
maintained until midnight, then rising to 75 deg. until 4 p. m., 
dropping again to 74 deg. until 7 a. m. and to 72 deg. at 8 :45 a. m. 
The relative humidity was observed at different intervals dur- 



Digitized by 



Google 



76 A WARD-COOLING PLANT IN A HOSPITAL 



VIEW OF THE AIR WASHING AND COOLING APPARATUS 

The fresh air enters the duct at the point A in the upper sash of the window. 
At B may be seen the blower which delivers to the cooler-washer and coolinfir coils 
In chamber C. The pipes D D, are brine pipes tapping the return brine line of the 
general refrigerating system of the building. At E Is the small pump for securing 
a positive circulation of the brine. The brine pump delivers to the washer through 
the pipe G and to the three colls above the washer F, F, F. At H is the delivery 
duct from the air washer and J is the re-heating chamber, fitted, as indicated, 
with thermostatic control, the reheating coil also divided into three sections and 
the sections having hand valve control in the usual way. Incidentally the brine 
pipes are provided with thermometer wells and a thermometer is shown at the side 
of the duct to obtain readings of the air on delivery from the air washer cooling 
system. A thermometer was also arranged for on the delivery side of the reheating 
chamber, so that arrangements are available for making a comprehensive test. 
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fig. 2. Charts Showing Record of Inside and Outside Temperatures for July 80-81 



Digitized by V:rOOQlC 



78 A WARD-COW.! NG PLANT IN A HOSPITAL 

ing the day. In the artificially cooled room, the relative humidity 
varied between 41 per cent, and 76 per cent., making an average of 
60 per cent, for readings taken on 25 different days. In the main 
ward, the relative humidity varied during the same period from 
36 per cent, to 80 per cent., with an average of 59 per cent. The 
temperature in the cooled room varied during the period of ob- 
servation from 63 deg. to 74 deg. This latter temperature was 
reached only on one day when the temperature on the street rose 
to 93 deg. The average temperature in the cold room for 262 
readings was 69 deg. during a period of, 42 days. The record of 
the outdoor temperature during the same 42 days, taken at 8 a. 
m., 12 a. m., 4 p. m., 12 p. m., and 4 a. m., were 77 deg., 79 deg., 80 
deg., and 70 deg. respectively. 

It is interesting to note that while low temperatures were ob- 
tained in the cold room, the relative humidity was approximately 
the same percentage as that in the main ward with higher tem- 
perature, thus indicating that the absolute humidity was reduced 
by the process of cooling. As beneficial results were reported, it 
may be inferred that air-conditioning by lowering the temperature 
and reducing the absolute number of grains of moisture produces 
the effect, notwithstanding that the relative humidity may still 
show a high percentage. This deduction the author also made in 
a series of other observations conducted at the plant designed by 
him for the Kuhn, Loeb & Co. banking offices, as reported in a paper 
read by the author at the semi-annual meeting of the Society in July, 
1909. 

The observations of the temperature and relative humidity were 
taken by Dr. Louis H. Levy in charge of the ward. I want to 
acknowledge thanks to him and also to Dr. S. S. Goldwater, the 
superintendent of Mt. Sinai Hospital, for furnishing me with a 
set of the recording thermometer charts and data of tests. 

As the hospital wanted to experiment with low temperature only 
no tests were made with re-heating the air as designed. 

As evidence that the effects of llie cooling were satisfactory, a 
letter from Dr. S. S. Goldwater, received by the author under date 
of January 8, is quoted as follows : 

"Dr. Henry Heiman tells me that inasmuch as only 13 cases of 
gastro-intestinal diseases were treated in the artificially cooled ward, 
it is hardly justifiable to present definite conclusions as to the thera 
peutic value of this measure. Gastro-enteritis was not particularly 
prevalent during the summer of 1913, and the number of cases 
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treated in the hospital was very much below the number usually 
treated ; in fact, the thirteen patients who were treated in the cooled 
ward, were practically the only gastro-enteritis cases available foi 
our first tentative studies. Thus there was no opportunity for a 
comparison of the behavior of these cases with that of patients treat- 
ed for the same disease in the open wards, under ordinary condi- 
tions. While we are unable at the present time to draw far-reaching 
conclusions, we have nevertheless gained the impression that the 
babies treated in this ward were on the whole more comfortable, 
cried less, rested and slept better than the patients kept in the 
other wards of the children's service during the same time. We hope 
to have the opportunity of studying this important question more 
thoroughly next summer." 
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COOLING TWO ROOMS IN A COUNTRY RESIDENCE 

BY A. M. FELDMAN 

*For the country residence of Mr. Paul M. Warburg at Harts- 
dale, N. Y., the author was called upon to provide a design for 
cooling the owner's bedroom and morning room, in conjunction with 
the installation of a small refrigerating plant to be used for pantry 
and kitchen refrigerators. The rooms are 28 ft. x 23 ft. x 11 ft. 
and 14 ft. 9 in. x 18 ft. x 10 ft. respectively. This problem was 
solved by installing a cork insulated box with 300 ft. of 1 in. gal- 
vanized iron pipe in the attic immediately above the rooms. The top 
of the box was connected with a short duct to the roof dormer for 
taking in fresh air, and from the ends near the bottom two galvanized 
iron ducts were connected to the ceiling registers of the two rooms 
as shown on the accompanying plan. Fresh air enters the top of 
the box, is cooled and drops by gravity through the registers to the 
floor of the rooms. The cooled air there moves forward and escapes 
through the partially opened windows, thus creating the necessary 
change of air for ventilation. 

The author took advantage of the thermostats which were instal- 
led in the rooms in connection with the heating system and connected 
them with diaphragm levers to control dampers in the ducts, thus 
providing means for automatically shutting off the cold air in case 
the rooms would become colder than desired. 

Tests showed a temperature in the rooms of about 6 deg. lower 

than out of doors. 



Digitized by 



Google 



80 



COOLING TWO ROOMS IN A COUNTRY RESIDENCE 



The cooling box is provided with two narrow but deep so-called 
congealing tanks filled with brine with part of the coils submerged 
therein. The chilled brine in these tanks furnishes enough cold 
storage to cool the air part of the night when the refrigerating 
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BlevatioD of Cooling Box and Connections in Attic 

machine is not in operation. The ammonia piping is arranged in 
three coils with valves as shown in the accompanying drawing. The 
coils are cooled by direct expansion of ammonia. 

The structural details of the box are also indicated in an ac- 
companying illustration, which shows the position of the congeal- 




Floor Plan 'Showing Installation of Cooling Ducts Above Ceiling 

ing tanks and coils and the location of the valves. These valves give 
flexibility to the system in operation, as the ammonia may be ex- 
panded in one or both congealing tanks or in the third coil inde- 
pendently. 
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To prevent possible leaks, all the ammonia pipes throughout the 
installation are welded together by means of the Goldschmidt ther- 
mit process. 

All the ammonia pipes and ducts are properly insulated with 
cork covering. The ammonia compressor is a 5-ton, two-cylinder 
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Detail ef Air Cooling Refrigerator and ConnectionK 

vertical machine driven by an electric motor through a short belt, 
with a belt tightener idler. 

In order not to waste it, the condensing water is pumped back 
to the general domestic elevated supply tank by means of a small 
motor-driven centrifugal pump. The water was never found to 
have anv odor or taste of ammonia. 
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DISCUSSION 

Dr. Levy : I am glad to be able to be here this afternoon and 
I am indeed very glad to have had the invitation to discuss Mr. 
Feldman's paper. 

The question of cooling wards in a hospital is of important 
interest just now on account of the newer facts that have been 
discovered in recent investigations that have been carried out in 
the last two or three years. I am indeed sorry I am not more of 
an engineer so that I might discuss this paper from the engi- 
neer's standpoint — or at least from the combination viewpoint 
of an engineer and a physician. The proposition of using cold 
air for treatment of diseases is not a new one. As far back as 
1875, Dr. Von Moltke, who was one of the physicians connected 
with the German army under Bismarck, found that he could get 
better results in typhoid cases by sending the patients to cooler 
parts of the country than by keeping them where the tempera- 
tures were high. I have had a talk with Lieut. Col. Charles Wood- 
ruff, who has done such wonderful sanitation work in the Philip- 
pine Islands, and he found his experiences were similar. In such 
cases as t)rphoid and dysentery, he found that they had gotten far 
better results when they sent these cases to cooler atmospheres. 
He told me in the cases of dysentery before they had a specific, that 
the mortality was much decreased by sending these cases to the 
cooler parts of the country. 

It has been my observation and T think it is the general obser- 
vation, that certain diseases are more prevalent during the sum- 
mer which are not so prevalent during the other seasons of the 
year ; and it seems plausible to assume that the temperature must 
have something to do with this. It seems quite probable that 
if you can simulate the conditions as found in the fall and the 
winter you can render a great aid to us. We are finding in our 
experience at the hospital that certain cases are much improved 
by cold baths, cold sponges, and even more recently Dr. O. H. 
Brown has described in the Interstate Medical Journal his 
process of treating typhoid fever by using cooled air over the 
patient instead of giving him cold sponges. In that way the 
patient lies in one position and the work on the heart is dimin- 
ished. By putting a patient like that in a cooled room you are 
going to get the same results and you all know the aim of a 
physician is not only to help but cure the patient. You have 
also the advantage of being a help to the physician in that par- 



Digitized by 



Google 



COOLING ROOMS IN A HOSPITAL AND COUNTRY RESIDENCE 83 

ticular way. If by proper means you can give us the proper 
temperature and the necessary humidity by creating such a 
method you can help us. You can treat the patient, as I have 
already said, by cold baths and plunges, but you are disturbing 
him all the time, and there is nothing more sensible, there is 
nothing more reasonable, than that the patient should be quiet. 
Dr. Goldwater was kind enough to give me a clipping about ten 
months ago of a plant that was installed at one of the Kansas 
City hospitals. I wrote to them but received no reply. In that 
particular ward they used the pipes themselves, pipes in the 
walls, as I understand it. The cold air was obtained in that way 
by passage through these pipes. What results they obtained I 
do not know but regarding our own experience in carrying out 
these experiments, we found that the temperature throughout the 
entire summer, even on the hottest days, was about 70 degrees. 
The proposition as put forward by Mr. Feldman was to keep 
the temperature in that room about 70 degrees and that was 
carried out very faithfully. Regarding humidity Mr. Feldman 
has already read the results in the cooled room and the general 
ward, but that difference could be very well explained on account 
of the larger wards in which there were about 20 children, and 
several times during the day there were porters cleaning up the 
floor and in that way the moisture got into the air. We were 
quite fortunate in a way in being able to summarize our results 
last summer by the fact that of the 16 cases only one died. It 
is quite true that last summer the mortality was not quite so 
great and the cases were not quite so severe. Next summer we 
are going to try just the cold air alone without the humidity 
measurement. The usual mortality in diarrhoea cases in sum- 
mer is about 60 per cent., and it is a very well known fact that 
in the summer there are more deaths among children due to 
this than to anything else. 

Now, you see the problem before us. We are trying to do with 
cooled air just what Nathan Stra is has done with his milfc 
problem. What Nathan Straus has done you can do, by helping- 
us to decrease the temperature in our wards so that the mortality 
can be kept down. 

I can sincerely say that I am very glad to be here this after- 
noon and I thank you. 

Mr. Winslow : I should like to say a word about these papers. 
Mr. Feldman has been with us here in the East, a pioneer in the 
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development of the practical application of cooling. Like other 
pioneers he runs perhaps unforeseen dangers. I heard one criti- 
cism of one of his cooling plants in which he will be interested. 
This was a cooling plant installed jn one of the leading bank- 
ing houses in this city. One of the partners told me that he had 
only one criticism of the plant but that was a serious one ; when 
people came in there on a hot summer's day it was impossible 
to get rid of them for they would never leave so comfortable a 
place. 

Dr. Levy pointed out that the cooling of rooms in summer 
means a great deal for health. Cooling is altogether practical, 
its results of far reaching importance. I am convinced that sum- 
mer's heat kills more people than winter's cold. Infant mor- 
tality in summer is primarily a result of the temperature. I 
believe the time will come when we shall rely on this applica- 
tion of cool air for cure and we shall also apply it for preven- 
tion. Nothing would mean more, I think, in the reduction of 
infant mortality than the provision in different parts of the city 
of specially cooled nurseries where children who were not very 
well and children who were not fed at the breast could be taken 
during the extreme hot weather. In connection with the treat- 
ment of a number of diseases, many constitutional diseases, the 
cold air method is becoming more and more recognized. We 
have thoroughly made up our minds of its value and it is going 
to be perfectly simple for you engineers to supply cool air 
under definite and defined conditions. I think this whole ques- 
tion of neutralizing the extreme heat of summer and the provid- 
ing of a cooled and regulated air supply in winter opens unsus- 
pected vistas for the heating and ventilating engineers' profes- 
sion, so that one day your Society, if it does not change the 
name, will add another word to it and call it the American Society 
of Heating, Cooling and Ventilating Engineers. 

Mr. Feldman : I think it only right that Mr. Payson, the engi- 
neer and manager of the company, give us the exact trade name 
of that machine. 

Mr. Payson: There is just one point in the paper of Mr. 
Feldman's which I would like to call to your attention. Mr. Feldman 
speaks of the water lost in evaporation. I am under the impression 
that in that plant there is no water evaporated into the air; as a 
matter of fact there is a water deposit in the machine from the air 
and the humidity is considerably lowered as it goes through the appa- 
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ratiis. This, I believe, as Dr. Levy brought to your attention, 
is quite an important fact in its result in the ward, the lower 
humidity, and I thought there might be some w^rong impression 
in regard to this matter. Am I right, Mr. Feldman? 

Mr. Feldman: The air striking the water under pressure pro- 
duces a spray, part of which is carried away with the air. The 
float controlled valve permits it to maintain the water level. 

Mr. Pay son: I believe in that particular machine the auto- 
matic float valve is simply in place so that when the machine is 
cleaned and drawm out and when it is refilled it will be brought 
up to the standard level, as I understand my portion of the equip- 
ment. 

Mr. Feldman: I think perhaps Mr. Payson might be asked 
to describe the machine. 

Mr. Payson: The machine that is referred to by Mr. Feld- 
man consists of three essential units; the blower, which is 
motor-driven and the cooler, the humidifier, and thirdly, the 
re-heater. The blower is of standard Sirocco type, the fan being 
mounted on the same fan as the armature of the motor. The 
air is forced by the blower through an air^ chamber, which is 
shaped similar to an ordinary round elbow of galvanized iron. At 
this point it strikes a deflector the blades of which are shaped like 
those of a propeller, and as the air strikes it, it is given a rapid 
whirling motion. The point at which it strikes the water is right 
on the surface so that this motion creates a fine spray and practically 
atomizes the water. The air at this point passes to and around gal- 
vanized cooling coils through which the brine is kept circulating and 
from this point the air passes out through the eliminators. This 
moisture drains out into the machine, is passed through the re-heater 
and through the registers into the room. The air in passing through 
the equipment is cooled down as you all understand, and this precipi- 
tates a certain amount of moisture that it contains, so that when it 
leaves the eliminators and passes on through the re-heater it has 
much less moisture per cubic foot. This is shown by the amount of 
water which is flowing out into the drain. After it has left the 
machine it goes through the re-heater although I understand this 
was not used last summer. The absolute humidity in the room 
was considerably less than that in other parts of the hospital 
although the relative humidity is approximately the same . 
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COEFFICIENT OF HEAT TRANSMISSION IN A PRESSED 
STEEL RADIATOR 

BY JOHN R. ALLEN 

There is available very little information in regard to the heat 
transmission in pressed-steel radiators and this paper is presented 
so as to contribute some information on this type of radiation. The 
tests reported herein were conducted in the mechanical laboratory 
of the University of Michigan, by Prof. John E. Emswiler, in 
charge of the Experimental Laboratory. The radiators tested were 
12-section, 2-column 38-in. cast-iron radiators of the Rococco type, 
which type was used as a standard, a 12-section, 2-colunin, 38-in. 
pressed-steel radiator, and a 12-section, 2-column, 14-in. pressed- 
steel radiator. The sections of the cast iron radiators were spaced 
2>4 in. and of the pressed steel 2 in. 

The cast-iron radiator had, by actual measurement, 48 sq. ft. of 
superficial surface; the 38-in. pressed-steel radiator had 47 sq. ft. 
of superficial surface, and the 14-in. radiator had 36^4 sq. ft. of su- 
perficial surface. The rated surface for the 38-in. radiators was 
48 sq. ft., for the 14-in. radiator 36 sq. ft. 

Two sets of tests were made, the first to determine the coefficient 
of heat transmission with the radiator placed under the windows 
and parallel to the wall, and the second with the radiator in a simi- 
lar position with reference to windows but perpendicular to the 
wall as shown in Figs. 1 and la. Additional tests were made to see 
if there was any appreciable ditference in the speed with which a 
room can be heated with the two types of radiation. 

To test the relative value of the two types of radiation, two rooms 
were selected of approximately the same size and the same amount 
of exposed wall and window surface. The cast-iron radiator was 
placed in one office and the pressed-steel radiator in the other. A 
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plan of the offices and details of the connections are shown in the 
illustrations. Steam was supplied to the mains carrying 125 lb. pres- 
sure per square inch and reduced to 6 lb. pressure by a reducing 
pressure valve. The steam was carried from the valve to a tee and 
from this point a 1-in. pipe was connected to each radiator. From 
the return side of the radiator the water of condensation was carried 
through water seals and cooled in long pipe connections before 
going to the weighing tanks. These water seals were provided with 
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FLOOR PLrAN SHOWING POSITION AM) LOCATION OF RADIATORS AND 
THERMOMETERS DURING TESTS 

Radiators were placed as shown In Fig. 1 In tests 6. 7. 10. 11 and 12 and 
interchanged in tests 2, 3, 4 and 6 and In test 14 as shown in Fig. la. 

gauge glasses and the valves on the return lines were adjusted so that 
the water was kept at a uniform height in the wells, as shown in 
Figs. 2, 3, 4 and 5. 

Considerable care was exercised in placing the thermometers in 
the rooms so as to give average room temperature. The location 
of the thermometers is shown in Figs. 1, 2 and 3, the thermometers 
being indicated by circles. In order to be sure that the conditions 
were practically the same in both rooms a test was made with radi- 
ators in their initial position ; then these radiators were interchanged, 
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the pressed-steel radiator being placed in the room where the cast- 
iron radiator had previously been and vice versa. No appreciable 
difference in condensation was recorded. 
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RESULTS OF THE TESTS 

Table 1 gives the results obtained from these tests. 

TABLK I 

Test No. 1 Test No. 2 

Iron Steel < Iron Steel 

Radiators. Cast Pressed Cast Pressed 

Gauge pressure 5.00 5.00 4.00 4.00 

Absolute pressure 19.56 19.66 18.&i 18.J>4 

Temperature outside air, deg. F 31. 31. 33.6 33.5 

Temperature entering steam, deg. F 227.6 22^3 224.2 223.4 

Temperature corresponding to i>ressure, deg. F. 226.8 220.8 224. 224. 

Degrees superheat 0.8 1.5 0.2 0. 

Average temperature of room, deg. F 79.9 80.6 80.7 79.5 

Difference steam and room temperature 146.9 146.2 143.3 144.5 

Pounds of steam condensed per hour 11.29 10.92 11.53 11.22 

Total B. t. u. transmitted per hour 10850. 10510. 11100. 10800. 

Total B. t. u. transmitted per sq. ft. rated surface 226. 219. 231.2 225. 

Total B. t. u. transmitted per sq. ft. actual surface 226. 223. 231. 230. 

Coefficient of transmission rated surface 1.539 1.498 1.612 1.557 

Coefficient of transmission actual surface 1.539 1.527 1.612 1.592 

In test No. 1 the radiators were placed parallel to and under the 
windows, as shown in Fig. 1, and in test No. 2 the radiators were 
placed near the windows at right angles to the walls, as shown in 
Fig. la. In comparing these two tests it will be noticed that the 
radiators give slightly better results when placed at right angles to 
the walls, the actual percentage increase being about 5 per cent. 
In order to determine whether the furniture in the room had any 
eflfect upon the capacity of the radiator a test was made with all the 
furniture removed, the other conditions remaining the same; but a 
careful comparison of the results shows that the effect of the furni- 
ture was negligible and the results of these tests have not been 
given. 

An examination of the table shows that the coefficient of heat 
transmission from a pressed-steel radiator is almost the same as 
that from a cast-iron radiator. The pressed-steel radiator, taking 
an average of ten tests, shows a slightly smaller result, the average 
difference being about 3 per cent., that is, the pressed-steel radiator 
shows a heat radiation about 3 per cent, less than might be ex- 
pected from a similar type of cast-iron radiator. 

RELATIVE SPEED OF HEAT 

It was thought that, owing to the difference in weight of the two 
types of radiator used in these tests, there might be an appreciable 
difference in the speed with which these two types of radiation would 
l«eat the rooms and the test was made in order to determine the dif- 
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ference. The cast-iron radiator used weighed 316yi lb., while the 
steel radiator weighed 108.3 lb. It is natural to suppose that a 
pressed-steel radiator being much lighter would warm the room more 
rapidly than the heavier cast-iron radiator. 

Fig. 6 shows the increase in temperature in two similar 
rooms, the increase being plotted on the right hand side, the abscissa 
being temperature and the ordinates being time. On the left hand 
side the ordinates are weighings of condensation in pounds taken at 
10-minute intervals. The upper curve shows the increase in tem- 
perature in the room. The lower curves show the condensation. 
The dotted line is for the cast-iron radiation and the solid line for 
the pressed steel. It will be noticed that the heating effect as shown 




F\g. 6. Chart Showing Results of Tests 



by the rise in temperature of the rooms is practically the same in 
both rooms and apparently these tests show that the difference in 
weight of the two types of radiation made very little difference in 
the actual rise in temperature of the rooms. The condensation 
curve, however, shows that the cast-iron radiator had a much more 
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rapid condensation for the first 10 minutes, about dj/i times the 
normal, but at the end of 20 minutes this condensation had almost 
reached the normal; by 30 minutes normal condition had been 
reached. In the pressed-steel radiator condensation for the first 10 
minutes was about twice the normal, and at the expiration of 20 
minutes the radiator had reached normal conditions of condensa- 
tion. 

COMPARISON OF HIGH AND LOW RADIATORS 

A set of tests was also made to determine the heat transmission 
of two radiators of the pressed-steel type of different heights. The 
results show that with a temperature difference between the room 
and steam of 143 deg. the coefficient of transmission for the 14 in. 
radiator was 1.647 for the rated surface and 1.855 for the actual 
surface of the radiator; for the 38-in. radiator, under similar con- 
ditions, the coefficient was 1.498 for the rated surface and 1.527 for 
the actual surface of the radiator. These are approximately the 
same results as would be expected from cast-iron radiation. 

DISCUSSION 

Mr. Verner: The idea was to have these tests conducted 
under as nearly actual conditions as would occur in an ordinary 
room being heated by the radiator. In previous tests the radia- 
tor was set up in the laboratory and as a result the conditions 
under which the radiator worked were not the same as would 
occur when being used for heating in a room. 

The office rooms in which the tests were conducted are ven- 
tilated by the ordinary method used in school buildings. These 
registers were closed during the tests so that the radiator took 
care of the heat lost from the rooms through the walls. 

Mr. Davis: Going over Table 1, the results of the test, I 
note, that Professor Allen's results are similar to what I found 
about three years ago and reported at a meeting two years ago, 
i.e., that radiation placed at right angles to the wall or away 
from the cold wall, is more efficient than that placed under the 
window. There was considerable discussion of the matter at 
that time. And I am rather pleased to see that Professor Allen's 
results corroborate mine. 

Mr. Verner: The tests were made with the idea of secur- 
ing more than the transmission coefficient. Information was 
desired as to the time element and to the effect of placing the 
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radiator at right angles to the wall and parallel to the wall. 
The cast iron radiator and the pressed steel radiator were tested 
under the same conditions. 

Mr. Newport: I would like to inquire as to the method of 
the removal of air from those radiators. It seems that the 
B.t.u. is pretty low for a 2-column cast iron radiator. 

Mr. Verner: They experienced some difficulty in removing 
all the air from the radiators due to the position of the air valves. 
The radiators when first installed had air valves located near 
the top and it was difficult to get rid of the air in a short time. 
The valves were later placed near the bottom and a small amount 
of steam was allowed to escape. Much better results were 
then secured. 

Mr. Busey: I had occasion to run a good many tests on 
radiators to check radiation, and I found a great deal of trouble 
in getting the air out of them. I tried different valves, tried 
blowing them out for quite a while, and finally I decided, to get 
uniform results, I would have to get an air valve on every 
loop and blow them out thoroughly. The results would be 
at times ragged. The only excuse I could find for it was air in 
some of the sections that was not properly blown out. 

Mr. Newport : I believe that Professor Allen had quite some 
difficulty in his tests with the removal of the air, and if I 
remember rightly he could not depend upon the automatic air 
valve. 

Mr. Verner: The radiators when first installed had air valves 
located at the top and there was some difficulty in getting rid 
of the air in a short time. To correct this the air valves were 
placed near the bottom which made a better arrangement. A 
slight amount of steam was allowed to escape from the air 
valves continuously so as to be sure that no air was left in 
the radiator. 

Mr. Donnelly : I notice in the cut that one of these radiators 
is of the hot water type and the other steam. If I remember 
correctly the steel radiator now is steam type and not the hot 
water type. There are two considerations in regard to air in 
the radiator. If these radiators are used or if the coefficients are 
to be used in ordinary systems where the little nickel-plated 
air valves are used on the radiator, they should be so tested. 
The difficulty here is that all the air was removed from the 
inside of the radiator and the radiator was completely full of 
steam. Professor Allen has apparently assumed that each radia- 
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tor was completely filled with steam. I do not think that 
assumption was warranted. I think some method should be 
taken to prove that there was no air in the radiators. So far as 
I know, when I was on the Committee on Tests about two 
years ago, we could not be sure that all the air was out of the 
radiators. We found and reported to the Society that one of the 
best methods of testing whether the air was all out of the 
radiator was the temperature of the return water. A collection 
in the radiator of one or two per cent, of air would drop the 
temperature of the water some ten or fifteen degrees. If I remem- 
ber rightly we filled the radiator with water. That probably 
answers some of Mr. Newport's questions. 
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HEATING AND VENTILATING PRACTICE IN SWEDEN. 

BY HUGO TIIEORELL 

In the following short paper on the status of heating practice 
in Sweden at the present time, it might be mentioned in advance 
that, because our climatic conditions and modes of living are 
similar to those of the Germans, the practice as regards the 
design of heating and ventilating plants has developed along 
the same lines and in accordance with the same requirements 
and methods of installation as in Germany. It may be that in 
small details there is a difference, but in the aggregate that 
which is essentially German is scarcely changed here. 

The lowest temperature in Southern and Central Sweden is 
usually about 20 deg. Celsius, while in the northern part it is 
about 35 deg. Celsius. Heating arrangements must contemplate 
a temperature range of 40 deg. to 65 deg. Celsius. The tem- 
perature of the winter months averages about deg. Celsius, 
except in the northern portion where it is appreciably lower. 

The heating season lasts 7 to 10 months according to geo- 
graphical location. In general it is aimed in the construction to 
maintain the following room temperatures: Dwellings, offices, 
etc., + 18 deg. Celsius: schoolrooms, a little lower, sick rooms, 
+ 20 deg. Celsius. 

The necessity for ventilating is essentially less in Sweden 
than in the United States as the climate does not so extensively 
demand it. One figures for schools an average of 25 c. m. of air 
per person per hour, and for hospitals 60 to 100 c. m. Legal 
provisions relating to changes of air cover factory conditions 
which, however, are not important. 

Arrangements for introducing moisture into the air are seldom 
found except in certain factories. Apparatus for filtering the 
air to clean it for ventilation is required only in exceptional 
cases, since the air in general is tolerably clean. The filters 
which, however, sometimes find application, consist of wool 
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or wadding stretched in frames. Apparatus to ozonize the air 
has lately been used, though seldom, and the results in certain 
cases have been advantageous. 

Refrigerating or cooling plants are used only for special pur- 
poses as, for example, in slaughter houses. The cooling of the 
air for rooms in dwellings, etc., is unnecessary here as the tem- 
perature in summer seldom goes above 25 deg. Celsius or per- 
haps at times 30 deg. In large dwellings now and then, how- 
ever, arrangements for cooling are installed, some of a mechanical 
nature and some by cold-producing mixtures. 

Of the existing heating systems the following may be men- 
tioned : 

Hot air heating, which formerly was used considerably, is now 
found only in small churches and halls which do not require to 
be heated continuously and where the value depends on sim- 
plicity. 

Low pressure steam heating is applied mostly in schools, 
churches, hospitals, small factories, etc. The boiler plant con- 
sists usually of cast iron boilers with automatic regulators and 
suitable for continuous combustion so that they can be of service 
at least eight hours. The working pressure varies from 0.05 
to 0.1 atmosphere. The highest pressure which can be reached 
is 0.15 to 0.50 atmosphere according to the construction of the 
safety apparatus which consists of a U-formed water gauge. 
Safety valves are never used for low pressure boilers. The 
pipes for steam and condensed water are always separated thus 
forming a 'two-pipe system. The passages for conducting the 
condensing pipes are used for admitting and withdrawing the 
air and are extended high over the roof by means of which in 
exceptional cases ventilating air is available for the radiators. 
In the steam conduits of the radiators regulating valves with 
double shut-off arrangements or dampers are built. When the 
plant is put in operation these dampers are so set that even 
when the regulating valves are wide open no steam can pass 
through the radiators into the condensing system which is of 
importance in this open system. The valves are besides equip- 
ped with graduated scales so that the position of the valve can 
be constantly read. 

Heating with live steam reduced in pressure from large steam 
plants is found in large complex constructions. The arrange- 
ments are for the most part like those for low pressure steam. 

Hot water heating is very much preferred and is used exten- 
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sively in buildings where the heat requirements change but 
little, and where large artificial ventilating apparatus is not 
necessary as for example in dwellings, offices, museums, and 
such. The piping is arranged according to the two-pipe system. 
On the radiators are regulating valves for the entrance of the 
water and for the return there are screws with shutting-oflf 
devices. The valves are mostly provided with double closing 
arrangements. The radiators and pipes are designed for a 
maximum water temperature of 80 deg. Celsius and a tempera- 
ture difference in the entrance and return pipes of 20 deg. Celsius. 

Hot water heating under pressure from pumps has in recent 
years been widely installed for large building construction. The 
heating of the water takes place directly in hot water boilers or 
indirectly with steam in preheaters. The circulating pumps are 
steam or electric propelled centrifugal pumps. 

Central station heating plants are not much in vogue although 
it has been under consideration. In the large cities the regula- 
tions of the authorities regarding pipe laying in the streets are 
a hindrance to this. 

Electric heating finds application thus far only to the smaller 
offices or bureaus and churches which are situated in the vicinity 
of electric water power stations. The price per k.w. is in such 
cases about 2 ore (one-half cent), or a certain rate per year is 
charged. 

Boilers for small plants are of cast iron of American, German 
and Swedish manufacture and constructed for burning coke or 
anthracite cgal. In the large plants boilers of malleable iron 
for firing with coal are used. Wood is rarely used as a fuel. 
The heating apparatus consists almost entirely of the radiators 
of American pattern, made, however, mostly in Sweden. They 
are usually placed in the window bays without any covering. 
Only in the finer establishments with expensive furnishings 
and decorations are fenders of bronze or similar material placed 
before the radiators. 

Ventilating Arrangements. In dwellings and other buildings 
which do not require extensive ventilation fresh air is led into 
the various rooms through fresh air dampers located in the 
outer walls. These dampers are built either into the ceilings 
or behind the radiators. Where extensive ventilation is de- 
manded the air is warmed in warming chambers and by means 
of radiating ventilators it is forced into the diflferent rooms by 
direct connected electric motors through air ducts built of gal- 
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vanized iron in the walls. In this respect as in many others we 
are learning more and more from the United States. For con- 
ducting away the air, ducts from all the rooms are led high over 
the roof. Special suction ventilators for removing the air are 
seldom installed unless simply in localities where bad air exists. 

To compute the heat loss, heating surface of radiators and 
boilers, conducting pipes, etc., the German system is used. 
Native literature on this subject is very scarce. Among the 
German authors Professor Rietschel stands foremost in the 
realm of heat treatise. 

The working out of detailed plans with a description and 
specifications for heating and ventilating apparatus is entrusted 
to consulting engineers almost always for large projects and 
very often for smaller ones, but they do not themselves carry 
Qut the plans. Bids on these are then asked for from installing 
firms either through advertisements or three or four firms are 
invited to present bids. Of these bids the lowest usually but 
not always is selected for the project. The arrangements are 
then placed in the control of the constructor. To carry to com- 
pletion heating plans no special approval from the authorities is 
necessary which, however, is necessary in gas and water installa- 
tions which are to be united to the gas and water works. 

In conclusion it should be emphasized that faith in central 
heating is rapidly rising and that it is now the exception when 
houses are erected without such provisions. 
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LIFE OF BUILDING POWEk PLANTS 

BY C. M. RIPLEY* 

In April, 1913, Mr. W. H. Chesebrough, President of the Alliance 
Realty Co., asked the author the following question: — "How long 
can a private electric plant be run before it has to be replaced?" 
It was an original and searching question and one which sought for 
facts. Others have asked frequently how much depreciation should 
be charged off on engineering installations of various kinds. This 
question desired no one's conclusions — merely the facts in the case. 

The electrical profession is yet in its infancy. Up to the present 
time we have had very little data on the subject of the life of electric 
plants in buildings. It has been the custom of many engineers and 
architects to assume a 6 per cent, depreciation as the proper annual 
charge-off on such installations. It has been the opinion of many 
eminent men who have examined the facts developed by Mr. 
Chesebrough's question, that 5 per cent, depreciation h^s been used 
temporarily in the absence of better data. 

OLDEST PRIVATE ELECTRIC PLANT IN NEW YORK 

It is an interesting fact that the oldest plant for generating elec- 
tricity in a building in New York City, was installed and in operation 
less than four years after Thos. A. Edison announced his discovery 
of the incandescent electric light in October 1879. In 1883 Mr. 
George B. Post let the contract for a private electric plant in the 
Mills Building, opposite the Stock Exchange on Broad Street, New 
York City. This was before there were trolley cars in New York 
City. This plant is still in daily operation. It seems miraculous 
that the fifteenth and nineteenth dynamos made by Thomas Edison 
have run every day for over 31 years and are still in a serviceable 
condition. Not only are the same dynamos in operation but 
the original engines installed at the same time by the New York 
Safety Steam Engine Co., long since out of business, are the sole 
means of driving the dynamos. A year later another unit of exactly 

* Non-member 
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the same type and capacity was added. Mr. A. M. Bogart, the 
chief engineer of the building, states that these machines operate 
daily until the load becomes too large for them to handle it. This 
time is between 4 :00 and 7 :00 a. m. every day. 

As an example of how the erection of high buildings in the neigh- 
borhood has increased the need of electric light in the Mills Building, 
it should be noted that the owners installed at later dates, a 76, a 
100 and a 160 k.w. dynamo to carry the increase thus made neces- 
sary. The three original dynamos were each of 25 k.w. ca- 
pacity, showing that the new equipment was used to supplement, and 
not replace the older and smaller apparatus. Regulation of the height 
of buildings will make unnecessary such additions to future elec- 
tric plants. 

Mr. Bogart calls attention to the further fact that even though 
these engines and dynamos may be assumed to have a lower effi- 
ciency than more modern apparatus, he must heat the building dur- 
ing a large part of the year; thus he explains the fact that these 
engines are used. Had machines of higher efficiency been installed, 
the exhaust steam from them would not have been sufficient to heat 
the building and live steam from the boilers would have to be used 
in larger quantities than is required even now on cold days to sup- 
plement the exhaust from these old engines. 

OTHER PLANTS OF HISTORICAL INTEREST IN NEW YORK 

On the basis of the Certified Public Accountant's Report, quoted 
later it will be seen that in the following plants the annual deprecia- 
tion has been less than 2 per cent. 

In the Dakota Apartments, H. J. Hardenbergh installed a private 
electric plant in 1886. Some of the same apparatus is still running 
every day. One direct connected unit was added afterward because 
of increased load due partly to the erection of large buildings on 
either side. This plant also supplies a dozen or so private residences 
on Seventy-second and Seventy-third Streets with heat and elec- 
tricity. The machines were Edison dynamos also. Another plant 
in its twenty-ninth year of service is in the Wells Building, in which 
the New York Quotation Company has a private plant supplying 
electricity to 1200 tickers below Fulton Street. The Osborne Apart- 
ment house contains an old belted Edison dynamo held in reserve. 
This machine is 29 years old. 

By referring to the figures quoted by the accountant it will be 
seen that the annual depreciation in the following plants is less than 
2J4 per cent. 
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The Evelyn Apartment house has a 25-year old plant which con- 
sists of one engine and dynamo which run every day from late after- 
noon till 1 :30 o'clock a. m. The Bank of New York has an old 
outfit 26 years old, which is held as a reserve, but is run once a week 
to keep it in good condition. The Union Trust Co. for 25 years 
past has had its same engines and dynamos running, and at present 
they operate from 8 :00 a. m. to 10 :00 p. m. The Tower Building, 
soon to be razed, has a plant 24 years old which has the record 
of running as long as the building has stood. 

For 24 years the electric dynamo at 79 Crosby St. has sup- 
plied electricity to the building and now supplies two other buildings. 
Madison Square Garden has a private plant that is now idle after 
working 23 years. The superintendent claims that during the past 
summer he has saved money by shutting down the plant in May. 
Those in charge say they can run the plant if they want to, as that 
provision was made in the electric contract. The Nevada Apart- 
ments still obtain their electricity from the old belted plant that has 
been under the sidewalk for 23 years. This plant has never been 
enlarged as the building occupies the entire flatiron block and tall 
buildings could not be built adjacent. The Mechanics and Metals 
Bank operated a plant for about 23 years and abandoned it. Shortly 
after, the building was torn down to make room for the new Morgan 
Building. 

Attention might also be called to the following plants which have 
been in operation sufficiently long to warrant placing the annual de- 
preciation at less than 3 per cent: 

Delmonico's, also on a tlatiron corner at Beaver Street, still ob- 
tain their electricity from the same old engine and dynamo that 
have served them for 22 years. The same is true of the Butler Bros, 
store on Broadway: no change in 22 years. The same is true of 
I he United Charities Building, which also supplies next door. The 
Evening Mail Building has a plant now reported to be m its twen- 
tieth year of service. 

The Potter Building plant has seen 19 years of service and is still 
running. Thus the annual depreciation of its plant is less than 3}4 
per cent. 

Mr. Hardenbergh's Waldorf Astoria has a plant in perfect con- 
dition after 17 years, and thn owners of the Bennett Building state 
that their plant is now in its eighteenth year. In these two the annual 
depreciation has therefore been less than 4 per cent. 

The Sterling Building on East Seventeenth Street has had one 
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engine and one dynamo for seventeen years; no other. Mr. C. O. 
Mailloux, an electrical engineer, reports the unique and successful 
installation of a gas engine, dynamo and storage battery in St. 
Paul's Methodist Church which has run continuously for 16 years. 
The engine operates three days per week and the battery furnishes 
lights during the rest of the week. It will flius be seen that in these 
two buildings the annual depreciation is less than 4^ per cent. 

INTERESTING BUT NOT CONCLUSIVE 

The foregoing are only a few of the many plants which were in- 
spected during the search for the oldest plant in New York. The 
data is interesting and historically instructive, but no logical 
conclusion can be drawn therefrom for the reason that the plants 
which were failures are not to be found. Possibly someone may say 
the foregoing plants were selected and are even exceptional cases. 
In order to answer Mr. Chesebrough's question, all the dead plants 
must be reported on as well as the survivors. 

A HUMAN ANALOGY 

If it were desired to know "The life of a man" it would require 
the combined records of all the insurance companies and the life 
work of an investigator. But it is comparatively simple to determine 
the life of the men in some well-known American families, as records 
are in existence of the lives of the members of those families. 

The only records open to the investigator who included those 
plants which are running as well as those which may have been 
scrapped, are the records of the office with which he is identified. 
Thus all the plants "fathered" by this office of consulting engineers 
comprise a class in which an exhaustive investigation may be con- 
ducted with profit and which may lead to important conclusions. A 
personal inspection was therefore made of every private electric plant 
in New York City and Jersey City, which had been designed and con- 
structed under the supervision of this certain engineering office. All 
plants mentioned hereinafter are therefore in either one of these 
two cities. The records referred to cover a period of 22 years or 
from 1892 until 1914 All dates and ages have been given ac- 
cordingly. 

The records of private electric plants to which the investigator had 
access, show the following now in operation, on which a 5 per cent. 
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depreciation appears to have proved excessive. The four following 
are in their 

TWENTY-SECOND YEAR OF SERVICE 

The New York Eye and Ear Infirmary, runs its plant 18 hours 
daily and the rest of the time on a storage battery. It later added to 
its building, and installed an additional engine and dynamo, and the 
storage battery. Jacob Ringle & Son use an old engine which sup- 
plies belted power as well as electricity. The Havemeyer Building, 
which later added a larger dynamo owing to the erection of tall 
buildings next door and opposite on Church Street and on Cort- 
landt Street, and owing also to the increased use of electricity. The 
New York Herald Building in which no new engines have been 
added as the building occupies an entire flatiron block and no build- 
uig could be erected adjacent. The dynamos now in service are not 
the ones originally installed but the old engines are. This may be 
considered an exception. However, the chief engineer claims his 
plant is 42 years old, as with The Herald and The Telegram, both 
daily newspapers, it has done double duty. 

Therefore it seems on the basis of the table furnished by the 
certified public accountant, that the foregoing plants show less than 
a 3 per cent, depreciation with the possible exception of The Herald 
plant. If these plants operate for another year 2J4 per cent, de- 
preciation will appear to have been proved excessive. 

PLANT IN TWENTY-FIRST YEAR OF SERVICE 

The Presbyterian Building has neither added to nor subtracted 
from its original electric plant, and since it is still operating in per- 
fect condition a 3 per cent, depreciation has been proved excessive. 

PLANTS IN TWENTIETH YEAR OF SERVICE 

The St. Paul Building has made no change in its electric plant. 
This, according to history, was the first 25-story building ever 
erected. Both the manufacturer of the engines and the dynamos 
are long since out of business, but their product survives them. 

The New York Clearing House has made no change in its elec- 
tric plant. It obtained an advantageous rate for street steam and 
holds its boilers in reserve. Grace Chapel has run the same plant 
for all these years without change. The Liederkrantz Club has its 
original engines and dynamos. The plant runs afternoons and eve- 
nings, the storage battery serving the lights during the rest of the 
time. In all of the foregoing plants 3J4 per cent, depreciation may 
lie considered as excessive. 
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PLANTS IN NINETEENTH YEAR OF SERVICE 

The American Surety Building now operates the same engines 
and dynamos as were originally installed. These were shut down for 
two years, but in 1913 were started up. The Metropolitan Building 
(Havemeyer Estate) and the Commercial Building (Havemeyer 
Estate) have been in operation without change since originally in- 
stalled. The Criminal Courts Building is operating its original plant. 
It later added one other cheap engine and dynamo which are but 
little used. In the old Times Building one of the original engines 
and djmamos are still in service. St. Luke's Hospital operates every 
day between 11.00 p. m. and 8 :30 a. m. its old engines and dynamos. 
Additions to the Hospital necessitated installation of other units. 
In all of these plants 3J4 per cent, depreciation, to all appearances, 
has been proved excessive. 

PLANTS IN EIGHTEENTH YEAR OF SERVICE 

The Polhemus Memorial Clinic Dispensary has a plant which has 
been taken better care of than any of the other plants inspected in 
connection with compiling these data. The Mechanics Bank of Brook- 
lyn still retains its same old apparatus, operating it daily. In these 
two plants 4 per cent, depreciation seems to have been proved ex- 
cessive. 

PLANTS IN SEVENTEENTH YEAR OF SERVICE 

The Empire Building has made no changes in its electric plant 
since first installed. The Germania Bank Building, the smallest 
office building with a plant, and the smallest plant in New York City, 
has a plant now operating in its seventeenth year. The building is 
6 stories, 60 ft. x 102 ft. with 2 electric elevators. The New York 
Athletic Club has still the same engines and dynamos. This plant is 
operated on a yearly contract covering heat and electricity. The 
contractor paid for 2 new boilers. In the Vincent Building, Na- 
tional Bank of Commerce, and O'Neiirs Department Store there 
have been no changes in the plants. The Terrace Garden plant was 
in a precarious condition when inspected, owing to lack of proper 
maintenance. The tenant is spending close to $10,000 per year for 
electricity from the street, it is said, but will not appropriate half this 
amount for improvements. His lease will expire shortly. The 
Church of The Holy Trinity has made no changes in the plant 
serving the boys* club, gjrmnasium, church house, parsonage, etc. 
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In the foregoing plants all in their seventeenth year of service ^yi 
per cent, depreciation has been proved excessive. 

PLANTS IN SIXTEENTH YEAR OF SERVICE 

The Ormonde and Seminole apartments are operating the same 
equipment as originally installed. These were among the first apart- 
ments to give refrigeration service to tenants. The Sprague or An- 
derson Building and the Metropolitan Museum of Art are operating 
the original equipment. For 15 years the one engine and dynamo 
served the old Astor Library. When the Astor Library was re- 
moved to the New York Public Library Building the Director, the 
late Dr. J. S. Billings, and others in authority, voted that the old 
plant be carefully removed and installed ready for services in the 
new building. The plant, speaking sentimentally, has been pensioned 
as its reward for faithful service for a period of nearly 16 years. 
It is still capable of useful work. For experimental purposes this 
may be operated later or for periods of light load, or it may be sold 
and used elsewhere. In any case, it cannot be said that the plant is 
dead, — just retired, — ^perhaps only temporarily but certainly with 
credit. In the foregoing plants 4J^ per cent, depreciation has ap- 
parently been proved excessive. 

PLANTS IN FIFTEENTH YEAR OF SERVICE 

The Navarre Hotel operates the same old apparatus and also 
supplies several stores next door with heat and electricity. The 
building at 395 Broadway still operates the plant as originally in- 
stalled. The Wellington Hotel has retained its original plant and 
the Commercial Trust Co., Jersey City, operates its original ap- 
paratus. The plant in the New York University (Hall of Fame, 
etc., University Heights), consisting of but a single engine and 
dynamo, supplies light and power to 6 buildings, and heat to 12 
buildings covering 37 acres. The plant is heavily overloaded. In 
these plants all doing their fifteenth year of service 5 per cent, de- 
preciation, to all appearances, has been proved excessive. 

The foregoing list of 34 private electric plants are all in operation, 
except the Library pensioner. This list covers every installation 
made in 1900 and earlier, by the office with which the author is 
identified. No plants installed in 1900, or before, have been scrap- 
ped, but during the current year some of these plants mentioned 
herein may be discontinued and sold for scrap. 



Digitized by 



Google 



LIFE OF BUILDING POWER PLANTS 105 

Mr. Whitaker, editor of The Journal of The American Institute 
of Architecture, asked : — "Why not figure out for each of the old 
plants what would have been the proper rate of depreciation to have 
charged off from the start?" In order to carry out this important 
suggestion, a report was obtained from a certified public accountant, 
which is included here because of its brevity and clearness : — 

New York City. October 30th, 1913 
Mr. C. M. Ripley, 

Pattison Bros., Consulting Engineers, 
1182 Broadway, New York City 
Dear Sirs: — 
In compliance with your request, we report to you as follows : — 

TIME REQUIRED FOR A SINKING FUND TO EQUAL ORIGINAL INVESTMENT 

(Sinking fund earning 4% per cent, interest, compounded annually) 
Percentage Depreciation Years Required to 

Charged Off Annually Refund Investment 



IH 


Between 


31 and 32 


2 


Between 


26 and 27 


2H 


Between 


23 and 24 


3 


Between 


20 and 21 


3H 


Between 


18 and 19 


4 


Between 


17 and 18 


4H 


Between 


15 and 16 


5 


Between 


14 and 15 



It is proper and conservative to assume the above rate of interest on a 
sinking fund. We trust that these facts fully answer your questions. If 
we can be of further service to you, we await your wishes. 

Yours very truly. 

Certified Audit Company of America 
(Signed) By Edward M. Hyans. 

Certified Public Accountant 

SUMMARY 

Taking into consideration the 34 private electric plants {installed as 
early as 1900), the resuhs stand as follows: 

34 of them show less than 5 per cent, depreciation. 

29 of them show less than 4% per cent, depreciation. 

17 of them show less than 4 per cent, depreciation. 

16 of them show less than 3% per cent, depreciation. 

4 of them show less than 3 per cent, depreciation. 

1 (New York Herald) plant may or may not show less than 3 per cent. 

depreciation, according to the way it is figured. 
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DISCUSSION 

Professor Kent: I wish the author would add to his paper 
this conclusion. His facts are all right, but the conclusion which 
the gentleman asked for "How long can a private electric plant 
be run before it has to be replaced?" does not appear. If the 
author was making an estimate of the cost of electric service 
for an owner who was planning to build, he should say whether 
he would advise putting in an isolated plant, or taking service 
from outside, and in figuring on insulated plants, how much 
depreciation should be allowed, whether two and a half, or three 
per cent., or three and a half, or what figure. I would like the 
gentleman to answer that question if he can now — "How much 
depreciation would he allow?" 

Mr. Ripley: I feel I am too young to draw conclusions. I 
have supplied you only with facts. 

Mr. W. F. Verner: This paper is very interesting to me, as 
that has been one of the problems I have had before me for the 
last year — ^what is the proper depreciation? 

As stated by the author, it has been the custom of every engi- 
neer and architect to assume five per cent, or more for deprecia- 
tion. Ten per cent, is quite a common figure for plants operat- 
ing continuously when including insurance and taxes, which 
amounts to about three per cent. Five per cent, depreciation in 
my mind means a life of twenty years for the article in question. 
The fund necessary to set aside each year, of course, depends on 
the life, and the interest returned upon the depreciation fund. 

Now, in connection with that, I would like to ask Mr. Ripley 
if the term "depreciation" as used in the table of results, refers 
to the fund to be set aside annually, or the amounts of per cent., 
the plant has used up in its life; that is, in using the term five 
per cent, depreciation in the last table of results, do you mean 
that the plant will live twenty years ; or do you mean that you 
must set aside a fund of five per cent., which will draw interest, 
and at the end of twenty years, will give a fund, with which to 
replace the plant? 

Now, five per cent, depreciation in my mind means a twenty 
year life. That is something diflferent than a fund that I must 
set aside, because I may consider that fund as you have, with 
three or four or two per cent., or whatever it may draw. I 
think that most architects and engineers, when they say five per 
cent., mean a twenty year life, not the fund set aside. 
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Mr. Reginald P. Bolton : Mr. Chairman, perhaps I can answer 
the last speaker's inquiry on this subject of depreciation, because 
I have studied it very closely. The essential error in this paper 
is due to the fact that the certified public accountant — as such 
accountants are in the habit of doing — does not explain what he 
is driving at. He does not tell you that this rate he gives here 
is a rate based upon the actual setting aside each year of the 
actual cash put into the sinking fund, in some form of invest- 
ment, and drawing interest at the rate of four and a half per 
cent. 

Professor Kent: That is what it says here. 

Mr. Bolton : He only tells you that in this direction.^ He 
says the time required for a sinking fund, to equal an original 
investment, compounded annually. Now the author of this 
paper omits that consideration from the start, and speaks of 
charging off interest, which is a totally different thing. In other 
words, book depreciation is merely straight line depreciation. In 
other words, you divide the life, by the total sum that you have 
spent upon it, and then you decide on a percentage or the pro- 
portion of the cost which you charge oflf on your books, every 
year, against the plant. 

In other words, all these plants here, no one of which — ^to my 
knowledge, and I am sure nobody else knows to the contrary- 
has ever set aside a dollar for an actual sinking fund, are charge- 
able not with the rate of depreciation based on compound interest, 
but with straight line depreciation, all of them must be charged in 
that way. I do not know one plant owner in New York City 
to-day although I have been preaching depreciation and sinking 
funds for years, that has ever set aside a dollar, either in respect 
of buildings, or respect to a plant ; and, consequently, when the time 
arrives when a plant is ho longer really useful to them, they have 
not any money to replace it; and that is why those old plants are 
still in existence, they cannot get another plant because they have 
not set aside the money to purchase it. 

Now, as an illustration of that fact, you will find a number 
of plants running to-day which have not been removed or re- 
placed, but which should have been replaced, and it is a very 
interesting fact that Professor Kent, just now, in quoting from 
memory the question asked here by Mr. Chesebrough, put a 
very different complexion upon it, and which I think was the 
question that Mr. Chesebrough really asked, because I am very 
well acquainted with him, and I know his financial ingenuity. 
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He said I venture to think, "How long can a private electric 
plant be run before it should be replaced/' instead of "Before it 
has to be replaced." 

The answer to that question, as printed in the paper, is, 
"Never." It does not have to be replaced, you can leave it there, 
if you are chump enough, for 150 years. I have seen instances 
of that character. 

I recall in a shipyard in England, seeing an old horizontal 
engine, with a .very old and heavy centrifugal governor, running 
round and round but having no connection with the valve gear. 
I asked the engineer why he continued to run the governor, and 
he said, "We have always done it, and the engine runs better 
with*it." 

As regards the actual physical life of machinery, if you come 
to that, you can find all around here, old machines that are 
running for very much longer periods than those mentioned in 
this paper such as the old No. 1 pumping engine, at Ridgewood 
which was put in in 1859, and was running up to five years ago, 
but look at the space it occupies ; look at the coal it used ; look 
at the uselessness of the machine, the cost of repairs and upkeep, 
and even so it had been almost rebuilt twice in its life. 

I remember seeing one of Fairbanks* old engines, which had 
been running over 60 years, the main frame of which was a stone 
wall. There was no rea3on why that should not run 160 years, 
but nowadays, we try to keep in the march of progress and have 
economic machinery. 

Now, Mr. Ripley has made a great deal of some of those old 
plants and the Mills building is one of his choicest instances. I 
know those engines, and they are curiosities, but that is all they 
are. They are running every day, or more or less every day, and 
will take a little load for a couple of hours; then they get so 
hot that they have to shut one down. The armatures are in bad 
shape. The commutators are bad, and in fact, no one would 
want to run such a machine, if he could replace it, by a reasonably 
inexpensive machine, which would occupy less space. 

Now, take the case of another building, the Union Trust Com- 
pany. They have two little machines, each of about twenty kilo- 
watts, which I looked over yesterday. They have two generators, 
belt driven by simple engines, but alongside is a modern direct 
connected unit which is doing the real work of the building. 
Those old engines are occupying a space of 600 square feet, the 
rental value of which is worth alone $1.00 a square foot. The 
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old machines are really eating their heads off, or have done it 
within the last twelve years, in rental value alone. They should 
have been scrapped long ago. Machinery has no value at all, 
just as soon as it has reached a point where it is inefficient, and 
better work can be done by another appliance. A great corpora- 
tion in the West, recently scrapped electric machines less than 
five years old, because they could not afford to keep them run- 
ning, and that will be the depreciation that we will have to meet 
in the future, to keep machinery up-to-date and economic. 

A machine's commercial value is what limits its life; not its 
physical life, which may run 100 years. That is what I should 
take to be the real essence of the series of observations in this 
paper. If you apply the straight line rate of depreciation to these 
instances, you get a totally different result from what is sought 
to be established. 

For instance, taking up the old power plant quoted by the 
author, and charging a straight line rate of book depreciation, 
instead of a compounded sinking fund depreciation, the average 
runs out at 4.45 per cent, per annum. Taking the 22 instances 
given by the office of the engineers with whom the author is 
associated, on the straight line basis, the average becomes 5.63 
per cent. 

Nobody is going to say that many of those old plants may 
last very much longer, but the question is whether they have 
any commercial value to-day. As soon as a generator plant 
ceases to supply energy at a cost at which it can be bought from 
another source, or as soon as a steam boiler plant for the same 
ceases to supply steam at a cost less than the price at which it 
can be bought outside, it has no commercial value whatever. It 
is a contingency that has to be provided for, and those are the 
things which make investors very cautious nowadays, about the 
charging off sufficient depreciation. 

Let me add one word more, Mr. Chairman, as to the interest 
that all this has to those about to own property. We are allowed 
to deduct from our income tax returns, a certain amount in respect 
of depreciation on our property. That process is going to bring 
this subject home to the hearts — which means the pockets — of a 
great many people who own real estate in this city and elsewhere. 

Professor Kent : What depreciation would you allow for, 
that he was too young to answer? 

Mr. Bolton : I am afraid I cannot give the same reply as the 
author, as I am old enough, but I think twenty years is too 
long, and I would allow no more than fifteen years. 
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For any method either invested or book depreciation I want 
to emphasize this point : The life of machines does vary physi- 
cally by reason of the kind of work that they have to do, the 
space they occupy, and the variability of the repairs. These 
features should be taken into consideration ; but why I say that 
twenty years is too long a life to allow is because I am looking 
specially at the commercial depreciation, and the value of the 
machine as an apparatus in keeping up-to-date; just as a man 
has to keep up-to-date. 

Mr. Vemer: I would like to speak relative to the statement 
given in the second paragraph of the first page of Mr. Ripley's 
paper: "It has been the custom of many engineers and archi- 
tects to assume a five per cent, depreciation as the proper annual 
charge-off on such installations. It has been the opinion of emi- 
nent men who have examined the facts developed by Mr. Chese- 
brough's question, that five per cent, depreciation has been used 
temporarily in the absence of better data." That is a pretty strong 
statement to make, and from the points developed this morning. I 
do not know whether I would like to see that accepted as true. 

Mr. Ripley: Perhaps some one of the eminent men, who 
made that statement, might answer you. 

I understand that when the Equitable Building was passing 
on the question of whether they should make or buy their elec- 
tricity, that they charged either two and a half or three per cent., 
and I know the head of our firm, who is now figuring on a large 
plant, put down three per cent, as the depreciation, and I would 
like to make one more observation as to something I found. It 
was called to my attention that a report was made that the plant 
in the American Theatre on Eighth Avenue and 42nd Street had 
been discontinued, and when I called to find if the report was 
true, I found the engines were running, and the chief engineer 
said, "Oh yes, every fall for years, when we turn on the steam, 
we start up the engines, why not," showing in a few words what 
a great many people believe to be the truth, that is. the steam 
comes from the boiler toward the radiator and roof, it might as 
well pass through an engine, or put it in another way, the steam 
goes to the radiator from the boiler via an engine. That is true 
in a theatre in the winter, and has been proved so for years. 
The same policy by the way, is adopted in Lord & Taylor's 
store, and a big store on Eighth Avenue. If that steam is there 
during the winter, in that type of building, or in a large hotel, 
or industrial concern, using heat 365 days in the year, and in 
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many cases 24 hours a day, the chief engineer would be right in 
my opinion in saying "As long as we leave the steam turned on, 
we leave the engines running." 

lit a conversation in June or July with Mr. Robert Gair, who 
owns a factory consisting of a group of buildings, used for the 
purpose of making paper boxes and paper specialties, he said : 
"My fuel bill is more on holidays than it is on cold weather days. 
It is peculiar but when the engines are in operation making elec- 
tricity for the factory, I burn less coal than when my factory is 
idle, and I am simply keeping it warm." He further said: "I 
would not consider a proposition to purchase my electricity for 
one cent per kilowatt hour, and I doubt if I would consider accept- 
ing three-quarters of a cent rate from the street." 

That is very much in line with what Mr. Weinshank, Mr. 
Kimball and others discussed at a previous meeting of this So- 
ciety, and which was quoted in the Heating & Ventilating Maga- 
zine for March, 1910. Several examples were given by Pro- 
fessor Kent, by Mr. Kimball, by Mr. F. H. Stevens, by Mr. 
Edward K. Moore, and "by Mr. Theodore Weinshank, where that 
peculiar relationship had been found. 

The Chairman : Is there no further discussion on this i)ai)er ? 

Mr. Bolton : Yes, I would like to say a word as to the engi- 
neer's inquiry: "Why not?" by saying "Why should you run an 
engine, and use its useful existence up for the purpose of passing 
steam through it to do heating, which you can do just as well by 
sending it through on a straight circuit; why should you gen- 
erate steam and condense part of it, before it gets to the engine 
and run feed pumps with other parts of it, and use that steam 
in other auxiliary appliances connected with it, all for the pur- 
pose of using the balance of the heat from the engine. The used 
steam is not worth as much for heating purposes as direct steam," 
but this subject is foreign to the matter of this paper, which 
really deals with the question of depreciation but if you use an 
engine needlessly, you depreciate it that much quicker. 
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EFFECT OF TIME IN DETERMINING RADIATION 

BY JOHN R. ALLEN 

The rules usually used in determining the amount of radiation 
used to heat a building assume that the building is not allowed to 
cool during the heating season. If there was installed in a room 
just sufficient radiation to supply the wall, window and diffusion 
losses and the building should be allowed to cool, then it would take 
an indefinite amount of time to warm the building. The necessity 
of warming the building when it has once been allowed to cool is 
allowed for by most engineers by adding a certain percentage to the 
radiation determined, assuming the building to be continuously 
warm. In this paper I propose to show that an expression can be 
developed which will serve :c calculate approximately the amount 
of radiation necessary to warm a building in a given length of time 
and also the time required to cool a building to a certain tempera- 
ture. 

Ordinarily it would not be necessary to use such an expression 
for buildings such as residences, stores and hotels. There is an- 
other class of buildings such as schools, auditoriums, churches and 
factories, which are at times intermittently heated and to which 
these expressions would apply. This is particularly true with large 
monumental buildings such as cathedrals where the effects of the 
heat stored in the walls is very appreciable. The heat stored in 
structures like the great cathedrals of Europe is of such an amount 
that no heating system is necessary. Take, for example, the great 
Mosque of St. Sophie, which is located in a climate where the tem- 
perature at times is as low as 20 deg. above zero. The heat stored 
in the heavy walls of this building during the summer is sufficient 
to keep it warm throughout the winter season. 

The effect of the walls of the structure on the heating of a build- 
ing involves different calculations and a new set of conditions from 
those usually assumed. There are four principal factors: 1, the 
heat required to warm the exterior walls; 2. the heat required to 
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warm the interior structure such as windows, walls, floors and fur- 
nishings ; 3, the heat required to warm the air in the room ; and, 4, 
the heat to take care of the heat losses through walls and windows, 
which will include diffusion, floor and ceiling losses. In order to 
derive an expression for these terms, let us assume the following 
notations : 



ti = the temperature desired in the rooms 

to = the temperature outside the building 

tm = the temperature of the building when cold 

tw = the temperature of the inside of the outside walls when the building is cold 

t*w = the temperature of the inside of the outside walls when the building is warmed 

^*w = the temperature of the outside of the outside walls when the building is cold 

^•w = the temperature of the outside of the outside walls when the building is warm 

Si = specific heat of air 

St = specific heat of stone 

St = specific heat of wood 

5'« = specific heat of plaster 

IV = wall surface, sq. ft. 

[f 1 = weight of air per cu. fi. 

IVa =■ ToUl weight of stone 

W» = Total weight of wood 

iV^ = ToUl weight of plaster 

IV* = Equivalent weight in stone for exterior building structure 

H^p = Equivalent weight of plaster for interior building structure 

G = Glass surface 

Gp = Equivalent glass surface 

N = Number air changes by diffusion 

C = Cubic contents of the room 

Kw = Coefficient of heat transmission for walls 

Kg = Coefficient of heat transmission for glass 

/Ce =: Coefficient of heat transmission for ceiling 

Kt = Coefficient of heat transmission for floors 



Then by the ordinary rule, — 

(1) The heat loss per average hour from the room := 






K.\V 



Reducing W surface to equivalent glass, G^ 



and total equivalent glass G, = G + G,' and expression ( 1 ) becomes 
(2) K,G. 



~{~H 
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The heat required per average hour to take care of diffusion would 
be equal to 



(3) S,W,nC 



(^-0 



Combining expressions (2) and (3) would give the total heat loss 
per average hour from the building 



(t. + t. \ 
1„ j 



The building structure may involve a good many different ma- 
terials and to avoid a very complicated expression, it is better to re- 
duce them all to the equivalent weight in one material. The 
equivalent weights would be proportional to their relative specific 
heats, as for example, if a building is composed of wood and stone. 

W3S, 

We = W, + 

s. 

If there are more materials, each material would add another term 
to this expression. 

The heat required to warm the outside walls would be 



(5) S.Wel 1 



The heat required to warm the inside walls, furnishings and floors 
not transmitting heat would be, reducing their weight to equivalent 
weight in plaster Wp. 

(6) S,Wp(t,-tO 

The heat required to heat the air in the room would be 

(7) S,W,C(t,-ta) 

The total heat to warm the building would be the sum of equations 
(4), (6), (6) and (7). This expression becomes 



/t.+t. \ 

(8) (S,W,nC + Ge)l 1, l + S,W./ 



t=w + 1', 



^^) 



+ S,Wp(t,-t.)+S,W,C(t,-tO 



This expression represents the total heat to warm the building in 
one hour. 
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If, however, the building is to be warmed in a certain number of 
hours h, then expression (8) becomes 

/^ w nra.r ^/^^ + ^ \^S,We/t% + t% tw + t ^\ , 
S^Wp SiWxC 

-V" (^^-^•>+ — A — (^>-^*) 

If the building is allowed to cool after having been heated, then the 
heat loss (the first term in this expression) may be equated to the 
remaining terms that will represent the heat given up by the building 
structure and we have 

(S. W. nC + Ge)(!i+1- 1, ) =iiZi(!!i+ijL_ !l+^) 

^ V h ^ V + S, W, C)/ 

Solving for A 

S,\N. ('"- + ''- ''+/") +(t,-t.)(S,Wp4-S,W,C) 

(S,W,nC + G,)/!l+il_t« y 

Assuming that a building is supplied with an amount of heat, //, per 
hour, then, 

+ (S, Wp + S. W, C) C"^^^) 

(10) s,w.(^^^'-'-^^) + (*>-*.) (S«Wp+ S,W.C) 

H-(S.W,nC + G,) {^^^ WJ 

This expression represents the number of hours required to heat the 
building when it is supplied with H B. t. u. per hour. 

In order that these expressions may be more easily applied, let us 
assume some reasonable values for the quantities in tliese equations, 
as follows : 

t. =0 

t> = 70° 

t. =60° 

Si =0.2375 

W, = 0.077 
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If the temperature of the inside and outside air is given then by 
RietscheFs rule, the temperature of the inside and outside of the 
wall may be obtained. Let / be the difference in temperature be- 
tween the wall and the surrounding air, and I the thickness of the 
wall in feet. Then t = 16.2 — 4 and assuming a wall 2 ft. thick, 
t = 16.2 — 8 = 8.2 
hence 50 — / = 8.2 or U = 41 .8 
70 — / = 8.2 or /^ = 61.8 
and by the same expression 

t\ = 8.2 and t\ = 8.2 

Substituting the above values in equation (i)) we get, assuming w 
= 1 

^ ^ 10 S, We -P 20 ( S, Wp + S, W, C) 

l.lC+60Ge 
and expression (10) becomes 

^^ ^ 10 S, We + 20 ( S, Wp + S, W, C) 
H — (l. IL + 60 Ge) 
and the expression for large H is 

lOS^We 20(S,Wp + Si W, C) 

H = 1 .IC + 60 Ge H 1 

h h 

The actual effect of the walls on the amount of radiation can best be 
shown by applying this expression to an actual case in which 

W^« = 5,686.600 lb. 

G, = 7608 sq. ft. 

C = 400.000 cu. ft. 

S, = 0.21 

5* = 0.20 

IV = 10000 sq. ft. 

C = 2000 sq. ft. 

IVp = 200,000 lb. 

then the number of hours required to cool the church would be 

10 X 0.21 X 5,686.600 + 20 (0.20 x 200,000 + 0.0183 x 400,000) 

^ rJx 400,000 + 60 X 7()08"' " ' ~ 

= 14.4 hr., or the time necessary to cool the building from 70 to 60 
deg. 

Figured by the usual rule this building would require 4000 sq. ft. 
of 2-column cast-iron radiation and allowing 50 per cent, excess 
radiation on account of the building's being intermittently heated, 
the building would require 6000 sq. ft. of radiation. Allowing for 
average difference of temperature between room and steam, the 
radiator would give off 300 B. t. u. per sq. ft. per degree difference 
and the time required to heat the building would be 
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10 X 0.21 X 5,686,600 + 20 (0.20 x 200.000 + 0.0183 x 400,000) 



1,800,000— (440,000 + 456,500) 
= 14.3 hr. will be required to heat the building. If 100 per cent. 

XiPOOt- 




KXOOO 



12 14 16 m 2D 2224 20 2830 32 34363640 
Time of Heating in Hours 

Curve Showing the Length of Time to Heat a BuUding with Varying Amounts of 
Radiation Assuming the Room to be Heated from Different Initial Temperatures 
to 70 deg. 

excess radiation had been allowed to provide for intermittent heat- 
ing, then the building would have had 8000 sq. ft. of radiation. 
12,887,000 



h=. 



— 8.6 hr. 



e,400,000 — 896,500 
The effect of increasing the amount of radiation upon the rapidity 
of heating is shown best in Chart. The curve rises more and more 
rapidly as time of heating is diminished and the point where this 
rapid rise commences is about 12 hr. In a building of this character 
to attempt to heat the building under ordinary conditions in a short 
time (anything less than 12 hr.) means the installation of a very 
expensive plant. Our ordinary assumption of an additional 50 per 
cent, added to the radiation gives the time of heating as 14 hr. which, 
as can be seen, is a perfectly rational assumption. By means of the 
equations given it is possible to determine for a given building 
whether it is more economical to heat a building continuously or to 
allow the building to cool oflf and be reheated each time it is to be 
used. 

DISCUSSION 

Professor Kent: Mr. President, I think Professor Allen's 
study is an effort in the right direction, and his conclusions gen- 
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erally are reasonably correct; that is, that the time to heat the 
building under ordinary conditions, in a short time, say anything 
less than twelve hours, means the installation of a very expen- 
sive plant; but I think that his mathematical calculations are 
incomplete, in that they do not take into consideration all of the 
conditions. 

He mentions four principal factors, and omits some other principal 
factors, such as the dampness or the amount of water absorbed by 
the walls, and the effect of the wind out of doors, which will cer- 
tainly have a great deal to do with the time in which a cold building 
can be heated. 

I do not think that any mathematical calculation to-day will 
give us the factors needed to make the equations correct, until 
we have some experimental work on the amount of heat required 
to heat a certain building, under all the different conditions of 
weather, including rain, ice, snow, and wind. 

Mr. Hart: I do not know whether I understand this cor- 
rectly, but I think this chart is based on the maximum condi- 
tions; in other words, assuming that it took 100 per cent, of 
radiation to warm a building when the outside temperature was 
ten degrees below zero, it would take this additional amount of 
radiation to warm the building up in a given time under average 
working conditions; we put in radiation sufficient to heat the 
building under maximum conditions, and it is only once or twice 
in a whole season that we are called upon to heat up a building under 
those unusual conditions, and in case we are required to heat 
up a building which is ten degrees below zero, why, they would 
be willing to devote a greater number of hours to that particular 
time. The average condition would be that we can heat an ordi- 
nary cold building up to normal temperature under the methods 
implied, without allowing any additional radiation, because our 
average outside conditions are about half of the maximum. 

Mr. Donnelly : Mr. President, I remember when I first began 
looking up this subject, six or eight years ago, and mentioning 
it to Mr. Macon, at which time he had written an article, T think 
it was one of his maiden efforts on the subject. At that time 
he said that too much must not be expected from calculations 
and observations. However, for a number of years I have been 
seeking and recording these facts in buildings. 

I read a paper on this subject two years ago, and gave the 
results of these recording thermometers. After all the recording 
thermometer is pretty nearly accurate, and perhaps a little better 
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than the differential calculus. I say that, because I am afraid 
I cannot use the differential calculus, and I can use a recording 
thermometer. I have two or three recording thermometers, and 
I have railroad friends who lend me others at the present time, 
I know of a railroad that has recording thermometers from 
which it makes regular observations. I have lent them mine 
for making observations in station, buildings and roundhouses. 

I want to refer to some of the different conditions mentioned 
in the paper. I have had a recording thermometer in the build- 
ing of the Corbin Screw Corporation, in New Brighton, Conn., 
it has an enormous amount of steel wire all through its build- 
ings, and the thermometer shows the cooling of such buildings 
is very slow, on account of the quantity of heat absorbed by the 
contents. The Bliss Building in Brooklyn, where they manu- 
facture very heavy machinery and have thousands of tons of 
cast iron always on their floors in process of manufacture the 
heating and cooling of which is a very important factor to con- 
sider. 

In one of the buildings of the Corbin Screw Corporation, they 
have a rule such as I mentioned in my paper, of leaving the 
building to cool to 50 degrees. The watchman at night, or Sun- 
days, or holidays, or the engineer on duty watches the building, 
and when it gets to 50 degrees, he turns on live steam and heats 
it up to 60 degrees. He shuts it off again, and when it gets to 
50, repeats the operation, and I think some of those jobs that 
are referred to such an operation was repeated twice from Sat- 
urday to Monday. 

I would like to see this subject continued and investigated still 
further. After steam is turned on in a heating plant it requires an 
appreciable amount of time to warm the coils and radiators. If a 
thort time is to intervene, the bringing of the apparatus itself up to 
temperature requires all the way from one-half hour to an hour and 
a half. 

This subject I believe should be given for investigation to a 
committee on tests. Recording thermometers do not cost much, 
and we have a great many observers who can use them. I have 
always had a notion I would like to put a number of recording 
thermometers in a factory or an isolated house, unoccupied, and 
let them go through a zero spell of weather. The temperature 
inside the house would be above the outside temperature through 
the night. The temperature inside the house would be less than 
the outside temperature during the day. 
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There are a number of other problems which could be profit- 
ably investigated in a similar way. I have been always inter- 
ested in the time element, and I am glad to see that we are 
getting papers that consider it. 

Mr. Bolton : Mr. Donnelly's suggestion is interesting, but if 
the window shades are down, and the sun does not get into the 
house, the calculations might be disturbed by the added heat of 
the sun, which is an element to be considered in the cost of 
heating buildings in New York City. 

I am plotting the results of the actual condensation in a g^oup 
of buildings against the curve of percentages of direct sunlight 
during the same period ; I think we shall find a relation between 
the amount of steam, not only relative to the air temperature, 
but to the amount of sunlight during the daytime. 

As regards the heating of institutional buildings, I never had 
any experience with Mohammedans such as our late President 
seems to have had, and I do not know to what degree the fervor 
of the worshippers inside of a mosque may aid the building in 
retaining its original heat, but the audience in all such buildings 
has a perceptible effect on heating which is another subject to 
which we might devote some investigation with profit. 

I agree with Professor Kent in saying that this paper lacks 
consideration in one or two important features. 

Leakage is one of very great importance, especially in this 
locality, where our windows are not guarded as they are in the 
west, with an additional sash in wintry weather. Our construc- 
tion under the present conditions of steel frame and steel incased 
windows, is made in a manner to admit considerable leakage, 
rather than to exclude it. 

A study of this kind will become of great use in deciding for 
us, by a method of calculation, whether we should or should not 
allow a building to cool off during the night. It is a practical 
question we are all up against. 

I find the practice is establishing itself from a practical point 
of view of shutting up buildings of the nature of office or loft 
buildings, as quickly as possible, and then closing down about 
one-half of the radiation, and allowing the building to simmer, as 
it were, through the night, and then bring it up to the required 
temperature in the morning. 

Now, some buildings cool off more than others do, but about 
one-half of the radiation seems to be the general idea of the 
night requirements except in most extreme weather. 
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Speaking to a contractor who was running the heating of a 
building by contract, and therefore, interested in saving fuel, 
I found that he had found it worth while to have a man go 
through a building every evening, after the tenants left, and 
carefully shut down what he considered unnecessary radiation. 
He has saved a substantial amount of fuel by that process. 

I had an experience in a church of the nature described in the 
paper, in which an ample amount of heating service had been 
installed for heating the building in zero weather. The process 
that was followed in heating the building was to let it cool down 
during the week, when there was no particular use for the build- 
ing, and then, they went in about six o'clock on Sunday morn- 
ing, and tried to warm the building up for use. It must be 
stated that it was not a Mohammedan institution, which nrway 
account for part of the difficulty. 

Mr. Davis : On the question of leakage, about four years ago, 
an estate in Philadelphia built, I think, something like 400 houses 
in South Philadelphia for rental, and they were heated from a 
Central Heating plant and they had some trouble with the heat- 
ing. At the start they had a plant that was designed to be more 
than sufficient to heat the houses but it would not take care of 
the peak load. 

They applied the window leakage treatment to the buildings 
and the results were more than they expected. I was asked to 
see if I could find out definitely just what the diflference was. 

I went to Philadelphia and spent 10 days waiting for a windy 
day, but I do not think the wind blew more than four miles an 
hour during the daytime while I was there. It would blow at 
night, and calm down in the morning, so finally we made our 
tests when the outside wind velocity varied according to the 
weather bureau, from one and a half to two miles an hour. We 
found that in two houses, one where the leakage was prevented, 
and in another, where no attempt was made to control the leak- 
age, that there was approximately 28 per cent, diflference in the 
heat demand between the houses and the house that was unpro- 
tected, and they had the benefit of full exposure to the sun which 
was not taken into consideration. That ex|>erience bears out Mr. 
Bolton's idea, that leakage does enter to a large extent in the 
time element of getting a house warmed up to a proper tem- 
perature. 

There is one point that I do not think has been brought out 
clearly, that is the heating eflfect of the radiation at the begfin- 
ning, where your temperature difference between the air in the 
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room and the temperature of the heating medium is greater. 
My experience has been that the raise in temperature is rather 
more rapid at the beginning than it is after the room is up to, 
say, 66 or 60 degrees. 

Professor Kent: I am thoroughly in accord with Mr. Don- 
nelly. I am glad to agree with him on the use of recording ther- 
mometers, rather than on differential calculus, and I will put on 
the board a sketch of something that I hope he will be able to 
do some day. It is to build a structure of brick, or concrete, on 
the roof of some building, say, six feet in each dimension, with 
sixteen inch walls and to put in five or six separate radiators, 
each with the same amount of piping, and discharging into a 
tank which will measure the condensation. One night open one 
valve, and start one radiator going, and next morning the regis- 
tering thermometer in the room will show what has happened 
during the night in regard to the temperature in the room, and 
another thermometer outside of the room will show the range 
of outside temperature. The weather reports will give the 
velocity and direction of the wind, and a registering water meter 
the record of the condensation, so that we will have a record 
of all these variable factors that enter into the heating of the 
room. Sometimes the test will be made in cold dry weather, 
and in other times cold wet weather, and during winter the num- 
ber of radiators in service can be changed. Thus taking the 
records every day, we will obtain data from which a valuable 
paper to the Society may be written on the effect of different 
conditions of weather on the heating of a room exposed on four 
sides and the roof. 

Mr. Bolton : You need not go to that trouble. Wit^ some, 
you can do it with electric heating. One of our good friends 
tried an experiment on the roof of a West Street building for 
some months, experimenting with a window in a small chamber, 
and got very interesting results from it. 

Mr. Hart: I think that by the time they have got through 
making a series of tests with this particular building — or coop 
you might call it — with a sixteen inch wall of concrete, you 
would have found out one point, and that is the loss of heat 
through that particular kind of a wall, but in actual practice, 
we have a great many kinds of walls. We have a number of 
kinds of windows of different construction. 

Mr. Bolton : This is only a beginning. 

Mr. Hart : I wanted to emphasize that you would not have 
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gotten very far, and you would have to build a great many coops 
before you could arrive where you have anything of much value. 

Mr. H. J. Barron: I just want to get on the record a little 
fact that came to my mind last night, in conversation with Pro- 
fessor Verner, he will correct me if I am not quite right. By the 
conversation, the impression I got was, that our records as pub- 
lished, from the beginning, in the discussions in the Society, and 
the various papers, they do not show properly or authoritatively 
or correctly, the proper method of determining the efficiency of 
radiation, and that our records, while they are voluminous on 
that subject, are not desirable from a strictly scientific stand- 
point. Now, to me that is a very serious subject and I think 
the recommendations which have been made to the council of 
the Society that a committee should be organized to determine 
or to decide, or to formulate the exact data of radiation, and the 
various methods of determining its efficiency should be taken 
up ; and also the various conditions to which radiation is applied, 
such as indirect and direct-indirect under various conditions. If 
I am wrong in the impression that I got from the Professor, 
I would like him to correct me, because I do not want to get 
any wrong impressions in our proceedings. 

Mr. W. F. Verner: I did not put it quite as strong as that. 
A year ago last March I was detailed to make a special investi- 
gation on heating and ventilating lines, and naturally I availed 
myself of every opportunity to find information on that subject, 
and as Mr. Scott will recall, I made a special trip to New York 
just to view what you, in the Heating and Ventilating Society, 
had in your library, and I looked over the transactions. I spent 
several days in this building, getting all the information I could 
on heating and ventilation, and what I said to Mr. Barron last 
night was, that I did not secure such information out of the 
proceedings of the American Society of Heating and Ventilating 
Engineers, as I hoped to; that is, information that T could set 
down and trace to the bottom, and be sure it was exactly right. 
I give credit to Messrs. Carrier, Busey. Allen, and others, for 
the information they have put in there. It is valuable, and can 
be used, and it is information that we can hand down to the 
students, and let them build on that foundation, so that in the 
future they can go ahead. 

This equation of Professor .Mien's, is, I think, a mighty fine 
piece of work. It gives something to the students, giving theo- 
retical equations, and modifies the theoretical by the results of 
tests. 
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THEORY AND PRACTICE OF HEATING AND 
VENTILATING IN FRANCE. 

BY G. DEBESSON, PARIS. 

The area of continental France is about one-eighteenth that of 
the United States, and its population according to the 1911 census 
was 39,601,509 inhabitants. Accordingly the industry of heating 
and ventilation has not attained the importance that it has in Amer- 
ica. Moreover, our climate is rather a temperate one, with, however, 
wide differences between the different parts of the country, as we 
will summarize in the accompanying table : 

The table A shows, that although the length of France may be 
comparatively small (about 560 miles from Dunkirk to the Spanish 
frontier, and 500 miles from Brest to the Vosges), we have numer- 
ous varying climates : very mild near the British Channel and the At- 
lantic coasts, on account of the influence of the Gulf Stream, hot 
on the Mediterranean coast line, cold on the high uplands of the 
Central Chains (Auvergne) and of the Vosges. 

Heating, then, has to be considered according to the district. In 
general, the desired temperatures in French buildings are lower 
than those allowed in other countries, and in particular in the United 
States. The average temperatures are pointed out, together with 
the air required for ventilation, in table B. 

No laws settle such temperatures or ventilation for public oi 
private buildings; everywhere the usages and customs govern and 
ventilation is often neglected. However, the Law of June 12, 1893, 
supplemented by that of July 11, 1903, stipulates the minima volumes 
of air into works : About 250 cu. ft. per person into closed works ; 
350 cu. ft. per person into laboratories, wine warehouses, etc.; 
350 cu. ft per person into rooms open to the public ; 500 cu. ft. per 
person into dormitories. 

The law points out numerous requirements for the ventilation 
of works where women and children under 18 years are employed 
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Indication of Buildings 



(Stairs, Halls, Vestibules. 
Drawing-rooms, Dining- 
rooms 
Toilet- rooms 
Bed-rooms 

( Little children 

„ ^ . „ „ } Youths 

Schools, CollegeH J Adults (Evening schools) 

t Dormitories 

( Ordinary illness 

HoBPltals ] ?^o"n"tSX^U8r*:". . ! ! 1 ! 

( Operation rooms 

Old people's homes, asylums 

Museums, public buildings 

Churches 



Maxima 

temperatures 

deg. F. 



Show-rooms, theatres, music halls. 



j Day-rooms 

ir ■ - 



Barracks { Dormitories 

Dining-rooms of hotels, refreshment rooms 

(shops) (where smoking is allowed) 

Prisons 

( Spinning factories, silk- 
I mills, printing, etc.... 
Shops, stores, offices. 

open to public, etc 

Machinists, cabinet-mak- 
ers, etc 



Works 



/ o 



.j7.2 

04.4 

m to 68 

50 to 60 

64.4 

60.8 to 62.6 

60.8 

59 

62.6 

64.4 

62.6 

68 to 77 

64.4 

59 to 60.8 

53.6 to 57.2 

64.4 to 66.2 

53.6 
57.2 

64.4 
59 

57.2 to 59 

62.6 to 64.4 

53.6 to 57.2 



Cubic feet of air 

changed per 

hour and per 

person 



425 to 700 

(about once the 

volume of the 

room per hour) 

425 

530 

880 to 1060 

1060 
2000 to 2500 
3500 
5300 
(twice per hour> 
3500 
530 

1060 to 1400 
2100 if allowed 
to smoke 
1060 

1400 to 1750 

2100 
1750 

250 

360 

350 



TABLE B 

and for industries where dust, vapors, smoke, etc., are produced. 
The law of February 15, 1.902, relative to the protection of public 
health points out the minima capacities of living rooms (minimum 
height, 8J4 ft; minimum capacity, 880 cu. ft.) ; those of hotel sleep- 
ing-rooms (700 cu. ft. for one person, 990 for two persons, 1400 
for 3 persons, etc). In theatres and music halls the only heating 
systems allowed are steam or hot water (maximum pressure 28)^ 
lb. per sq. in.), furnaces being excluded. It is required they be 
amply ventilated, but without any volumes of air mentioned. It 
must be noted that our comparatively mild French climate allows 
frequent opening of windows, often the most common ventilation 
method used. 

As for humidity, if we except the works where the industry 
necessitates a special amount, we can say that in general it is neg- 
lected in France. In towns, the large buildings which are heated 
by a hot-air system are often provided with arrangements for 
filtering and washing the air, but it is usually for the purpose of 
stopping the dust and rarely for humidifying, to which we do not 
pay sufficient attention. 
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PRACTICE, LITERATURE, ETC. 

In general, the calculations are made only by the heating con- 
tractors, and rarely by special consulting engineers, such profes- 
sional men being in very small number in France. Only the second- 
class contractors apply to consulting engineers. The specifications 
are fixed, rather poorly, by the architects, except for the Government 
and municipal buildings, and for hospital buildings, where special 
committees, unhappily composed of incompetent members, have 
charge. The decisions of such architects and committees are almost 
always influenced by the price of the installation, and it must be 
said that generally it is the specification with the lowest price which 
is preferred. 

Such a practice, which the theorists in vain try to stop, and 
which may be excused only by the mildness of our climate, keeps 
the science of heating and ventilating in a stagnant state, which does 
not allow the science to progress as much as is desirable. For, 
indeed, many of the coefficients used throughout the world are 
derived from those fixed by French scientific men (Lavoisier, Peclet, 
Ser, etc.), and the German formulas of (Rietschel, Recknagel, etc.) 
are often derived from the French ones after experiments which 
proved their correctness, or which tried to make their approximation 
more perfect. The heating trade has prevented by its acts the prog- 
ress of this science, for nowhere more than in France has it tried 
to keep the subject under a semblance of professional secrets; no- 
where are published fewer technical papers; nowhere are printed 
less special books. 

The French heating and ventilating literature is very poor, indeed. 
If we will consider but modern books we have only : 

THE OI^DGTB BOOKS 

1887, Vigrenx: TraiU de Physique Industrlelle. (TreatiHe on industrtal 
natural pblloBopby.) 

1882, Ser: Traits de Physique Industrlelle. (Treatise on industrial natural 
philosophy.) 

1896, Denfert: Fumisterie. Obauffage et VenUlaUon. (Fumistry. Heating 
and VenUlation.) 

1897, Picard: Cbauffage et Ventilation. (Heating and Ventllatiou.) 

1896, Augamua: Fumisterie. Chauffage et Ventilation. (Fumistry. Heating 
and VentilaUon.) 

THE MODERN BOOKS 

1906, Maubras: Traits pratique de Fumisterie, Chauffage et Ventilation. 
(Practical Treatise on Fumistry, Heating and Ventilation.) 

1906, Deny: Cbauffage et Ventilation. (Heating and Ventilation.) 
' 1906, Debesson: Le Chauffage des Habitations. (Heating of Houses.) 

1910, Debesson: Le Chauffage et la Ventilation des BAtlmentf* Industriels. 
(Heating and Ventilation in Factories.) 
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We can add the books translated from German, or inspired from 
German theories: 

1910, Dm. Mathieu (Belgium) : Note sur le Chauffage Ues BAtiiuents. (Notes 
on Heating of Buildings.) 

1911, Bm. <Mathlen (Belginm) : Agenda aide-memoire de ^I^g<^nieur Sanitaire. 
(Memorandum-book of the Sanitary Engineer.) 

1911, B. Ritt (German) : Determination des diam^tres des couduites des 
Chauffages A vapeur et d eau rbaude. (Pipe Sizes for Steam and Hot Water 
Heating Systems.) 

1912, H. J. Klinger (German) : Translated by L4on Lasson. Lie Cbauffage 
des Appartements par I'eau chaude. (Heating of Rooms by Hot Water.) 

1912, Dr. H. Rietscbel (German) : Translated by L^on Lanson. Traits Th^orique 
et pratique de Cbauffage et Ventilation. (Theoretical and PrartU-al Treatise on 
Heating and Ventilation.) 

1913, B. Hausbrannd (German): (Translated by Em. .Matbieu (Belgium). 
S^bage par I'alr et par la vapeur. (Drying by air and steam.) 

The technical papers of the heating trade are only two; yet we 
may consider they print comparatively few new articles, and most 
frequently publish translations of American, English and German 
papers, for, in a general manner, the French manufacturers never 
contribute to the papers the results of their work, which they con- 
sider as confidential business. The French papers are : 

Chauffage et Industries Sanitaires (Heating and Sanitary Indus- 
tries). — A. Nillus, editor. 

Hygiene du Batiment et de TUsine (Sanitation of Buildings and 
Manufactures). — J. Loubat, editor. 

ENGINEERS AND DRAFTSMEN 

There are no technical schools specially devoted to the instruction 
of the science of the heating and ventilating industry. The schools 
from which are chiefly recruited the technical engineers for all the 
branches of industry are: 

Ecole Polytechnique. 

Ecole Centrale des Arts et Manufactures. 

Ecoles d'Arts et Metiers. 

On leaving these schools provided with a diploma giving them the 
title of engineer, the students are introduced into any branch ot 
general industry, having only general knowledge, with no specialty. 
Yet such engineers with a diploma make only the minority among 
all the technical people in heating and ventilating firms. The others 
are composed of students from technical education schools, classi- 
cal or even elementary schools. They endow them, however, with 
the title of civil engineer, for which no diploma is required. Con- 
sequently, we can say, in a general way, that almost all the technical 
people in firms devoted to the heating and ventilating industry are 
self-educated men. 
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Only one society of heating engineers exists in France : the *'As- 
sociation des Ingenieurs de Chauffage et Ventilation de France" 
(Association of French Heating and Ventilating Engineers), incor- 
porated in 1908. It is composed of about 200 members, and has 
monthly a meeting in Paris (19 rue Blanche, the headquarters of 
the Society of Civil Engineers), where a member speaks on a topic 
selected by himself. Numbers of heating engineers are members 
of the Society of Civil Engineers of France, in which are rarely 
presented papers on heating and ventilation. 



HEATING AND VENTILATION TRADE 

About 4000 firms are devoted in France to heating installation, 
among which : 

3000 have 1 or 2 engineers or draftsmen ; 
800 have 3 to 5 engineers or draftsmen ; 
100 have 5 to 10 engineers or draftsmen ; 
60 have 10 to 30 engineers or draftsmen ; 
40 have more than 30 engineers or draftsmen. 

The total annual business of the heating trade may be assimied 
to be between 150 to 200 millions of francs ($30,000,000 to $40,- 
000,000), by adding manufacturing, jobbing, etc. The most impor- 
tant firms, those which employ more than 30 engineers or drafts- 
men, generally manufacture themselves part of their apparatus 
(boilers, fans, blowers or exhausters, valves or brass- work, sheet- 
iron work, etc.). The others are only installers, who buy all their 
apparatus, either built on their own designs or commercial goods. 

The most important suppliers of the heating trade arc : 

Compagnie Nationale des Radiateurs (Branch of American Radi- 
ator Co.) (cast-iron boilers and radiators). 

Chappee & Sons, Le Mans (Cast-iron and wrought iron boilers, 
radiators, etc.). 

Societe Anonyme des Hauts-Fourneaux et Fonderies de Brousse- 
val (Cast-iron boilers and radiators). 

Compagnie Franqaise des Chaudieres Phoebus (Cast-iron boilers). 

Societe Metallurgique de Montbard-Aulnoye (Wrought iron 
soldered boilers). 

Societe des Chaudieres Radia (Wrought iron and tube boilers). 

Soci^t^ Krebs et Co. (Cast-iron boilers imported from Germany). 

For the fittings we are almost completely supplied by Switzerland 
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(Fisher fittings, GF trade-mark), also somewhat by the United 
States, and by Germany. For brass-work and other accessories 
we have very few French manufacturers ; 80 per cent, at least are 
imported from Germany, with some from the United States and 
England. About 50 per cent, of the fans, blowers and exhausters 
are made in France : the balance are American, English, and largely 
German. 

By reading this list it may be seen that the amount of (jerman 
importation in France is quite considerable, in spite of very high 
customs for foreign importation. The principal reasons are the 
great activity of German firms, their publicity, the quickness of de- 
livery, the custom clearing offices they have under their own charge 
at our frontier stations, and their ability to sell at very cheap prices 
either by branches established in France or directly from Germany, 
but free of charges and expenses to Paris, quite as if they were 
French firms. Another reason is that very numerous competent 
German engineers, working at very low salaries, are employed by 
French contractors, where they, of course, introduce the German 
methods, and even German apparatus, so finding a method of in- 
creasing their incomes by discounts. 



CALCULATIONS 

The designs and plans are generally executed by draftsmen under 
the direction of engineers. Most of the firms make all the pre- 
liminary calculations: 

1. — Calculation of calories lost through the walls and by the air 
of ventilation. 

2. — Calculation of apparatus able to supply these losses of heat. 

3. — Estimation of cost (net cost). 

1. Calculating the Heat Loss. We apply the following principle : 
To keep a closed room at a given temperature T, it is necessary to 
supply it with the number of calories equalling these which are lost 
through its walls and by ventilation. 

M,=KS{T — e) 

M^ = 0M7 V {T—6) 
2 Af is the total amount calories to supply per hour, on a regular 
uninterrupted supply. 
Ml is the total amount calories lost per hour through the walls. 
If 2 is the total amount calories lost per hour by the ventilation. 
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/C is a coefficient which depends upon the kind of walls and their 
thickness, which is to say the amount calories passing through a 
wall of 1 square meter surface per one centigrade degree of differ- 
ence between inside temperature T of the room and outside tempera- 
ture ^. 

T and 6 are expressed in centigrade degrees. 

5* is the amount square meters of the walls (ceiling, masonry, 
glass, etc.). (1 sq. meter = 10.76 sq. feet.) 

0.307 is the amount of calories required to increase the tempera- 
ture of 1 cubic meter of air 1 centigrade degree. 

V is the number cubic meters of air per hour for the ventilation 
purpose. 

The coefficients K often vary from one firm to another, but the 
differences are small. They are generally the numbers fixed by 
Peclet, modified and corrected by practice. 

For walls, glass, roofs, exposed to the north, we add 2 deg. C. 
to the outside temperature. For the same, exposed to violent winds 
and rain from north and west, we increase by 20 to 50 per cent, the 
figures found for loss through these walls. If the heating is sus- 
pended, for example, during the night, we add some supplementary 
radiators, taking care to provide them with stop valves, which are 
closed as soon as the desired temperature is reached. 

2. Calculation of the Apparatus, with Direct Radiation, — We 
more often use the Peclet and Ser coefficients, corrected by German 
formulas, in order to calculate the value of radiators. Most French 
engineers used to assume that each square meter of steam radiator 
transmits 800 to 850 calories, and the hot-water radiator 450 to 500 
calories. 

The formula is: 

m = KS {T — t), 
in which 

T is in centigrade degrees the temperature of the fluid, either 
steam or hot water ; 

t is in centigrade degrees the temperature of the room to be 
heated ; 

/f is a coefficient, which Ser made equivalent to 11.44 for a radia- 
tor quite filled with steam, but which we reduce 9 to 10 per cent, to 
take account of the air which remains in the radiator, and of the 
necessity of having the radiator not hot even to its extremity, in 
order to avoid steam escaping through the return piping open to the 
atmosphere. 
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For low-pressure steam heating : 

K = 10 (number of calories per square meter radiator and per 
one deg. C. diflFerence between the inside steam temperature, and 
outside air temperature. 

r = 100 (temperature of steam at atmospheric pressure). 
/= 18 (temperature of the room to be heated). 
S = Square meters of radiator surface. 

fn = KS(T—t) =10 5(100—18) =820 5, 

Many engineers have special tables giving the value of K, which 
decreases with the heights of radiators and their number of sec- 
tions. When the radiators used are gills pipes, the gills or fins being 
of solid metal and simply go to extend the area of radiating surface, 
we allow for the value of K 60 to 70 per cent, of the above numbers. 
When radiators or gills pipes are placed inside grill casings we 
allow for radiation power K 80 per cent, of that of naked apparatus. 

With hot water, we take for the value of T the mean temperature 
of the water into the radiator, the figure which was made the basis 
of calculations for the piping. Here, the practice is different, ac- 
cording to the engineers. Some allow 30 deg. C. difference between 
inlet and outlet, in order to have large radiators and small piping. 
Some others allow only 20 deg., so that they have smaller radiators 
and larger piping. 

For the first hypothesis the average temperature is, for example : 
r = (90 -f 60) -T- 2 = 75 deg., 
and, for the second : 

r = (90 -f 70) -^ 2 = 80 deg. 

The radiation per square meter of radiator: tn^=KS {T — t) 
is then 400 to 500 calories, when value of K is varying from 7 to 9, 
according to the types of radiators, their heights and the number 
of sections. When using gills pipes the value of K is taken as 60 
to 70 per cent, (about 4, 6 to 6). When radiators or gills pipes 
are placed inside grating casing, the value of K allowed is 80 per 
cent. 

Calculation with Indirect Heating. — When indirect heating is re- 
quired, the calculations are quite different. We previously con- 
sidered only the number M^ calories flowing through the walls. 
From it we deduce the number Q of cubic meters of hot air which. 
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arriving to the registers with a given temperature T^, and escaping 
by ventilation at the temperature of the room t, give up inside this 
room M 1 calories : 

Q = 

0.307 (Ta — 

Generally, r» = 55 deg. C. with low-pressure steam, and 45 deg. 
with hot water, the figures varying, of course, according to the 
types of radiating surfaces and cooling in the flues. 

We afterward calculate the number Mj of calories which it will 
be necessary to supply to the volume Q in order to increase its 
temperature from 6 (outside temperature) to Ta (temperature to 
the registers), and adding some degrees t^ (for example, U = deg.) 
lost in flues : 

Then it is the number M^ calories which is to be supplied by the 
radiating surface, which is calculated according to this formula : 



" — I — ) 



in which : 

T is the temperature of the steam, or the average temperature of 
hot water. 

/C is a coefficient varying with the velocity of the air. 

For an ordinary circulation by gravity, we give to K the approxi- 
mate following values : 

• ^ ( radiators A" = 11.44 

Low pressure steam 



gill pipes K = 6.6 to 8 

„ ^ ^ \ radiators K = S 

Hot water in- r^ a m ^ ^ 

} gill pipes K = 4.6 to 6 

With a fan circulation, coefficient K varies according to the veloc- 
ity of the air, namely : 
For steam: 

A" = 11.44 for z/ = 1 meter per second, 
to -K" = 40 for V = 10 meters per second. 

Practically, we rarely have v greater than 5 meters per second, and 
for that velocity, K = 32. 

For steam gills pipes, values of K are 60 per cent, of the values 
noted. 
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For hot water radiation : 

K =^ S for V =: 1 meter per second, 
to AT = 25 for v= b meters per second. 

In the same way, for hot water gill pipes, K is 60 per cent, of 
above values. 

The hot air flues are calculated from the following formulas : 

I 0.003666 

F=0.5 \2gHX X (7\--/) 

Af 1 + 0.003665 

in which : 

Q is the volume in cubic meters at temperature / of the room to 

be heated ; 
«^ is the area of flue in square meters ; 
y is the velocity of the air in meters per second ; 
g is the acceleration of gravity = 9.8088 ; 

H is the height in meters from the middle height of the radiating 
surface to the register ; 0.003665 is the coefficient of dilatation of the 
air (increasing in volume of the air for 1 deg. C.) ; 

Ta is the temperature, deg. C. of hot air at the register ; 

/ is the temperature of the room. 

With fan systems, the most generally admitted* velocities vary 
from 5 meters per second into main flues to 2 meters into branches, 
and 1 meter into the box at the registers. In all cases the outlet 
velocity from the registers is never allowed more than 0,25 to 0.50 
meter per second. 

Calculation of Boilers. — Competent engineers never accept for the' 
calculation of steam boilers a vaporization greater than 15 kg. per 
square meter, which is about 8000 calories. For hot water, they 
admit from 8000 to 10,000 calories maximum per square meter. 
Unhappily second-rate jobbers very often depend on quite exagger- 
ated catalogue ratings of boilermakers, who do not hesitate to guar- 
antee 10,000, 12,000, and even 15,000 calories per square meter. 
With such performances, which are, indeed, often possible on ac- 
count of the heights of our chimneys, there is considerable non- 
vaporized water forced through steam piping, with water hammer 
and an intense and tumultuous vaporization, which often causes 
the boilers to be burnt or broken, and always accompanied by a 
waste of coal. All of this causes lawsuits, during which the experts 
are obliged to install more powerful boilers. 
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We generally use large grate areas, calculated for 30 to 40 kg. 
of coal for each square meter grate. The commonly used coal is the 
anthracite, which is supplied from north of France, Belgium, and 
chiefly England (Wales). We began some years ago to use gas 
coke, but it is found too expensive. The cost of anthracite coal is, 
according to quality, from 50 to 60 f r. per ton of 1000 kg. ; its calorific 
power is about 8000 to 8300 calories per kilogram, with 3 to 6 per 
cent, ashes. The cost of gas coke in the towns is 40 to 45 fr. per ton 
of 1000 kg., with 10 to 15 per cent, ashes, and its calorific power is 
6000 to 7000 calories per kilogram. 

PIPING 

We generally use iron pipe from j/^ to 4 inches connected with 
threaded fittings, and steel pipe with brazed flanges for larger 
diameters. 

Our iron pipe is not always of good quality but is made in 
three grades, namely : butt-welded, mainly used for gas pipes but 
used for steam and water on some of the cheaper installations. 
Lap-welded, mostly used for steam work, and notch-welded pipe 
of higher grade and used for special work. 

FITTINGS 

The fittings used are mostly Swiss and German, made of mal- 
leable iron, smooth and of excellent quality ; also they are made in 
more sizes than are given in the American catalogs, namely, 
Hf ^H> ^y^f ^Hf 3/^ inches and they can be procured so much 
more quickly than those made in America. 
« 

TOOLS 

American tools made for Walworth thread are largely used 
here, but the German tools are also used on account of the con- 
venience in procuring them. Very few pipe tools are made in 
France. 

INSULATING COVERINGS 

Excepting in the cheap installations all boilers and pipes are 
covered with some sort of insulating material. That most in 
use is asbestos plaster put on the same as mortar. There are 
moulded forms for both boiler and pipe covering, also there are 
several forms of corrugated air cell covering on the market. 
Cork is also used to considerable extent. 
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LOW PRESSURE STEAM HEATING 

For about fifteen years low pressure steam heating was in 
great vogue in France, and on mostly all such systems (Fig. 1) 
we use the fractional or graduated valves. I presented a paper 
in 1901 describing the French system, (see Vol. VII of the So- 
ciety Proceedings) though the steam pressure carried on steam 
systems as now used is much less, never going over one and a 
half pounds. 

HOT WATER HEATING 

Heating by hot water is growing in favor in France on account 
of its ability to maintain a more even temperature than is the 
case with steam as it is operated in this country. 

The people will not attend to shutting on and off the valves 
which is necessary in the graduated valve steam system while 
the hot water apparatus can be regulated by one controller at 
the heater. 

CALCULATIONS OF PIPING 

Our formulas for calculating the size of piping take into con- 
sideration the pressure, length of pipe, and the friction on all 
the fittings and valves. Hence only the firms having competent 
engineers are able to solve correctly the problem of the circula- 
tion of steam through the pipes, and that of their frictional resist- 
ances. 

Other firms use tables, curves or charts giving more or less 
correct results, but requiring regulation at the valves on the 
apparatus. 

Some engineers calculate the frictional resistance by German 
formulas of Rietschel. 

Most engineers of French education use the Ser formula, or 
the more precise formula of Maurice Levy. 

The Ser formula is : 

Q'L 
p, — p, = K X 



D» 



or 



D = K 



in which : 



V 
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Pi is the Steam pressure (in millimeters of water) at the inlet of 

the pipe; 

P2 is the pressure at the outlet of pipe ; 

K a given coefficient, 

Q the weight in kilogrammes of steam per hour, 

D the diameter of pipe in meters, 

L the length of pipe in meters. 

By that we know p^, pressure to the inlet of pipe, for example 
50 grammes per square centimeter, (0.71 lb. per sq. inch), and p,, 
pressure we intend to keep to the radiator valve, for example 4 
grammes (.0569 lb. per sq. inch), and equally we know L, length 
of the pipe, the calculation only depends on the coefficient K. 

Then the formula^ is easily put according to a logarithmic 
form : 

Pi — P2 

log. ^ 

log.Q L 

log. D = f- log. K 

2,5 5 

and accordingly a calculation-staff (Fig. 2), with 3 movable 
reglets, is very easy to handle. 

Unfortunately, the coefficient K, which represents together the 
frictional resistances through the pipes, tees, elbows, bends, valves, 
radiators, etc., is not exactly fixed, on account of the steam con- 
densation in the piping. 

Mr. Ser proposed the value 0.0322, accepted by numerous heat- 
ing engineers, and which, in spite of a probable inaccuracy, as 
it does not consider the velocities, it gives excellent results in 
numerous cases, especially considering it is always possible to 
correct a little error by more or less reducing the way of the 
fractional valve. 

We think the formula may be sufficient to provide for most 
cases, and very convenient to use with the special calculation- 
staff, (Fig. 2). 

When it is necessary for correcting errors, to calculate more 
accurately, it is easy to make a verification with the more precise 
German formula of Rietschel. 



D = 0.001 



L C (C -f C) 
\ Pf — Pi 
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C being the useful number of calories passing through the pipes, 

C* the number of calories from the steam condensation in the 
pipe, this pipe either being installed, or being previously cal- 
culated with Ser formula. 

L, Pi, Pt, being the same as in Ser formula. 
Such a formula can be as quickly solved by engineers having 

a sufficient use of logarithms, as C, CS L, pi, pj, are known or 

L 
fixed, and consequently, = A is known. 

Pi — P2 
log. A log. C log. (C + C*) 

log. D = log. 0.001 H \ 1 

5 5 5 

but it does not allow the use of a special calculation-staff, and 
consequently necessitates for the large installations very long 
and fastidious calculations (as is generally the case with all the 
German formulas). 

RETURN PIPING 

Generally, we do not calculate this piping, to which we give 
sizes large enough to allow the flow of water together with the 
escaping of the air from radiators and pipes. The sizes tabulated 
are used by many heating engineers. 
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Yet, it is possible, without disadvantage to use smaller pipes, 
by allowing the air to escape at higher positions through small 
air pipes. 

We think it is important to emphasize that this system when 
well equipped makes use of air valves quite needless, air valves 
being found undesirable by French people, because of the dis- 
agreeable smell of lye and stagnant water that escapes with the 
air. 
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HEATING BY HOT WATER 

With this system we use boilers similar to those of steam 
heating, either wrought iron or cast iron. 

The determination of sizes of pipes is a most important mat- 
ter, and, in five years we have made considerable progress to- 
wards a standard, the practice, however, is not yet uniform. 

We previously explained how we calculate the radiating sur- 
face, by fixing the temperature T^ of the entering water, and 
temperature Tj of that leaving. More often, we allow 1\ = 85 
deg. C. (185 deg. Fahr.), so that for the maximum difference with 
outside temperature we have at the boiler 90 deg. C. (about 194 
deg. Fahr.), by taking account of heat lost by radiation and 
pipes, the return water is 65 deg. C. (149 deg. Fahr.), so that: 
Tj — Tj = 20 deg. C. (about 36 deg. Fahr.). 
We deduce from the heat lost the volume of water in liters 
which is necessary to pass through the radiator to give out M 
calories : 

M 

Q (in liters) = 

20 

The head or motive force which produces the circulation is 
known, as we know (Fig. 3) the heights H^, Hj, H,, from the 
centers of boiler and radiators, and specific gravities (weights) 
\'^, and Vj corresponding to the temperature of water T, and T^. 

The head is : 

V, 

E = H„,or3X(l ) 

V. 

or, as V, is very near to I, weight of water at 4 deg. C. (39 deg. 
Fahr.) : 

-T- IT.j,2or3X (^V2 * 1 / 

Then it is only a simple problem in hydraulics to determine the 
size pipe which allows a volume Q (in liters of water) to pass 
through under a head E. 

FORMUl-A OF DARCY AND PHILIPF'S 

Numerous engineers use the formula of Darcy, corrected by 
Philipps, which is: 
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D = 0.334 



Wt 



where : 

D is the inside diameter of pipe (in meters). 
Q the weight of water (in kilogrammes). 

J the loss of head by friction of pipe for one meter, which is. 

E 

for the maximum, , which is to say the head as previ- 

L 
ously determined divided by the length (in meters) of the 
pipe. 
This formula is very easy to use, as it may be transformed into 
logarithms : 

2 1 

log. D = log. 0.334 H log. Q log. J 

5 5 

which can be made in the form of a special calculation-staff 
allowing one to immediately get the diameter. 

It is not absolutely correct, but is on the safe side. 

The coefficient 0.334, which corresponds to incrusted pipes 
was established by Darcy as an average between the two inch 
pipe (coefficient 0.000765) and the 20 inch pipe (coefficient 
0.000532). 

For smaller pipes used in heating systems, this coefficient takes 
the following values: 

For y2 inch pipes 0.3888 

^ " " 0.3756 

" 1 ** " 0.3653 

'' 1J4 " " 0.3574 

" 1^ " " 0.3517 

" 2 " " 0.3460 

" 2J^ " " 0.3420 

" 3 " " 0.3368 

It is, then, very easy, after the first calculation with the coeffi- 
cient 0.334 of the formula, to use a correcting factor by taking 
account of the above exact values. 

It is what almost all the engineers used to do with the for- 
mula of Darcy, and who take care of local resistances of elbows, 
tees, valves, etc., by adding to the true length of the pipe an 
arbitrary length to represent the friction losses. 
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FORMULA OF FLAM ANT 

Numerous engineers use the formula of Flamant, although it 
was fixed after experiments on cold water circulations. 
It is presented on the. form : 

J = o.oon 



.4L I— 
\D'» 



from which we can write : 

(0.0014)' L^Q' 

D" = 

J* 

the expression quite calculable by logarithms : 

19 log. D = 4 log. 0.0014 + 4 log. L + 7 log. Q — 4 log. J 
and consequently easily transformable into a calculation-staff 
with 3 moving reglets. 

It is equally foreign to this formula not to take account of 
local resistance but to represent them by arbitrary lengths of pipes, 
they have been based only on cold water circulation. 

This formula gives very satisfactory results, and numerous 
installations figured according to this method have proved its 
value. 

GERMAN FORMULAS 

A number of French engineers, as well as the German engi- 
neers employed by French firms, prefer the methods derived 
from the German formulas of Rietschel, or of Recknagel, or yet 
of Brabbee, for the first time published at the meeting of Ger- 
man heating engineers in Cologne in (July, 1913), after three 
years experiments at the laboratory of Charlottenburg under the 
direction of Professor Rietschel. 

Mr. Nillus, in a series of papers presented by him at monthly 
meetings of the French Association of Heating and Ventilating 
Engineers (especially March 15, May 19, 1911, December 5, 
1913), was the zealous champion of German methods, and dis- 
dainfully says that French methods are only approximate 
methods. 

I will only say, for my own part, that I do not use formulas 
without knowing how they were determined, and that I do not 
take all for granted because it is imported from Germany. The 
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German laboratories give formulas without particulars regard- 
ing their basis. As long as my own practice will not prove to 
me that installations calculated according to German methods 
work more satisfactorily than according to our own, so long will 
I not be confident of their greater precision. 

Professor Rietschel says Weisbach's coefficient is too great 
for large diameters (without saying what size pipe he considers 
is a large diameter). 

The coefficient of Weisbach is : 

0.0094711 
K = 0.01439 H 

It will be easy to understand how such a coefficient compli- 
cates the calculations when the expression ignores the diameter 
of the pipe in the formula. The velocity appears to be constant, 
while as a matter of fact it changes with every size pipe. 

In similar manner, what Professor Rietschel calls "local re- 
sistances,'* that is to say, the losses of head by changing the 
direction of the flow, through elbows, tees, etc., or changing the 
form of the liquid (entering or leaving boilers, radiators, ways 
through valves, etc.), he proposes the formula: 



2g 
giving for Z the following values as results of his own experi- 
ments, but without particulars as to these experiments : 
Square elbow : Z = 1 

Long radius elbow : Z = 0.5 

Double bend elbow : Z = 0.8 

Large sudden increasing or decreasing of volume : Z = 0.8 
Open valves : Z = 0.5 to 1 

Open cocks : Z = 0.1 to 0.3 

But Prof. Rietschel, in giving these coefficients takes care to 
inform us they are incorrect as to friction especially for large 
diameters. 

Really, we think that German formulas are no more to be 
relied on than our own for cold water circulation. But what 
we do know is that their use leads to very long, complicated 
and fastidious calculations, subject to errors that consume time 
and energy to correct, yet they must be checked to avoid serious 
losses. 
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In my own experience during 26 years with the firm of Leroy 
and Co., I used the formulas of Philipps and Flamant, both 
giving very good results. They allow me to quickly calculate; 
and I was able, in a few minutes, to check the calculations of 
my draughtsmen, which would be almost impossible with Ger- 
man focmulas. 

It will be noticed that with calculation-staffs (Fig. 2) all the 
combinations are possible. 

One of these I prefer consists in dividing the water circula- 
tion into three parts, each part considered as working with its 
own head, see (Fig. 4) : 

1. — Piping in the basement, which may be of large size, but 
properly protected with good pipe covering, works according 
to a head E^ corresponding to the height h^. 

2. — The risers, which it is preferable to have as small as pos- 
sible, work according to a head E, corresponding to the height h^. 

3. — Finally the radiators, considered as being connected in 

derivation on the risers, and which work according to a head E,, 

corresponding to their own height, and varying for each of them. 

Of course, E^ + Ej = E, 

as h, -f hj = H. 

The advantage of this method will be immediately noticed, as 
it takes account of the temperatures in all the parts of the cir- 
culation, whereas the German method requires only to con- 
sider the temperatures of the water entering and leaving the 
boiler, which is certain to lead to errors. 



HOT WATER HEATING WITH ACCELER.\TEU VELOCITY OF THE 

CIRCUIw\TION 

In the large French towns, and chiefly in Paris, number of 
people live in flats, or buildings with numerous floors. 

Each tenant with his family usually occupy one floor, or part 
of the same floor, which is to say that the rooms of his whole 
apartment are located on the same level. 

The more recently erected buildings are partly provided with 
a system of central heating, by low pressure steam or by hot 
water, and the proprietor charges each tenant for his incumbent 
part of heating according to a yearly rent. 

But buildings of ten or fifteen years old are not all heated, 
and often it is necessary for the tenant to provide his apartment 
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with heating, by means of a system which is portable and which 
he can carry off to a new apartment. 

Portable systems for this purpose are shown in (Fig. 5). In 
such an apparatus the circulation is accelerated by high temper- 
ature. 

In most of the systems, shown by the principle on which the 
velocity of the water flow is based is that of the "emulsion," that 
is to say, we bring into the riser AB between the boiler and the 
expansion tank, some percentage of steam which lessens the spe- 
cific weight of the water column. 

By neglecting the syphon performed by risers EF and GH, 
which have to be considered only for the resistances of friction 
of their pipes and elbows, is given by the formula: 

■ v« . v„ 

E = h, X (] ) + h, (1 ) 

by taking account, for determining Vo of: 

H Vo = h'o V'o + h\ V"o 

We cannot describe here all the systems of acceleration pat- 
ented in France; but they are very numerous. 

They all circulate at high temperature but the heat can be 
regulated at the radiators which are always supplied with frac- 
tional valves. 

They require a sensitive regulator at the boiler, but regard- 
less of this they frequently boil over and accidents do happen 
by which the boiler is broken. 

A number of the patents issued are to prevent accidents and 
to save the heat lost by boiling over. Of these patents we may 
mention (Reck, Bruckner, Hamelle, Chebout, Koerting, Nissi 
Brothers, etc.). 

Recently, the Compagnie Nationale des Radiateurs, (branch 
of American Radiator Co.) introduced the system in which the 
steam is confined in a closed cell of the expansion tank, its pres- 
.*'.ure controlled by a Sylphon damper regulator. 

This closed cell is connected, through a syphon 2.50 meters 
(about 8 feet 3 inches) with another cell in communication with 
the atmosphere through an overflow pipe, and which is the ex- 
pansion part of the tank. 

With this system, the Compagnie Nationale des Radiateurs 
advises sizes of pipes given in the accompanying table : 
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Lenflrth 
of go and return plpek 
From boiler 
to radiator 




Maxima number of 


Calories 






able to be carried to the distances of first column 




Through below pipes: 








Corre- 




i 1 




' 




.Meters 


sponding 

feet 

about 


%" 


:)500 7000 , 14000 


1%" 


1 


2* 


5 


16.50 


2UU(» 


25400 


41000 


72000 


10 


;^.10 


1400 


2500 i 50U> 


100(M) ' 


18000 


2900(> 


51000 


1§ 49^ 


1100 


2000 , 4300 


8000 i 


14800 1 


22800 


41700 


20 66.70 


900 


1700 1 3000 


7000 


12700 


20500 


36000 


25 82.10 


850 


1560 3200 


0300 


11200 


18400 


32200 


30 9RR0 


800 


1400 3000 


5700 


10200 


16800 


29300 


35 1 U4.10 


750 


1300 1 2800 


5800 


9600 


15600 


27200 


40 131.80 


700 


1200 1 2500 


.jOOO 


9000 


14500 


25500 


45 1 147.90 


6r)0 


1150 ! 2400 


4700 


8500 


13700 


24000 


50 164.20 


600 


1100 


2:^00 


4400 


8000 


13000 


22800 


55 180.60 


550 


1050 


2150 


4200 


7700 


12500 


2170a 


60 196.10 


500 


1000 2000 


4000 


7400 


12000 


20700 


65 213.80 


450 


950 


1950 


:1850 


7100 


11500 


19950 


70 229.80 


400 


900 


1900 


:1700 


6800 


11000 


19200 


75 


245.40 


375 


875 


1850 


:;550 


6500 


10665 


18600 


81) 


262.60 


350 


850 


1800 


3400 


6325 


10330 


18000 


85 


279 


325 


825 


1750 


:i300 


6160 


10000 


17500 


90 


295.60 


315 


800 


1700 


3200 


6000 


9725 


17000 


95 


802 


307 


775 


1650 


3150 


5850 


9460 


16600 


lOO 




300 


750 


1600 


:',1()0 


5700 


9200 


16200 



HOT BLAST HEATING BY FANS 

This method of heating has not received as much attention in 
France as it has in the United States owing to the difficulty of 
introducing it into old buildings. 

It is used to some extent in public buildings, banks, factories^ 
etc. We prefer to pass only cold air through the face which is 
different from the practice in the United States. We use air 
filtration methods see ( Fig. 6) made with panels of wadding 
sheets. 

We ai.^o wash and humidify the air either with air washers 
or i)ulverizators, these are usually preceded by a radiator to 
prevent freezing. 

The blowers used are those of Farcot Lambert Bros., Pinette 
Sturtevant, Leroy & Co., Fouche, Blackman, etc. 

The heaters used are mostly cast iron extended surfaces called 
(gill pipes) and wrought iron pipes with added or soldered gills 
or fins, to extend the surfaces. 

Some installations for smoking rooms, restaurants, kitchens,, 
and so forth, use ozone to eliminate the odors, etc. 

Some installations have been made for cooling the air in the 
summer weather. In these cold water pipes are used in some 
and brine pipes in others to cool the air as it circulates over 
such surfaces. Ice is never used for this purpose, except in 
powder mills, magazines, etc. 
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DISTRICT HEATING 

Heating from central stations has not been introduced in 
France, as yet, largely owing to the fact that the towns and 
cities are old and the streets being so much occupied with pipes, 
sewers, mains, etc., that it is difficult to get councils to grant 
rights to a company for this purpose. 

Our colleague, Mr. Beaurrienne, presented in 1912 and 1&13, 
two very remarkable and learned papers to the French Society 
of Civil Engineers. He is a strong advocate of central station 
heating for towns and cities. 

The only examples we have of this kind are in groups of 
buildings such as large factories, asylums, hospitals, etc. In 
such plants the steam is distributed at a pressure of about 85 
pounds and reduced by a valve located in each building of the 
group. See my paper, Vol. VII, 1901 for the type of reducing 
pressure valve used. 

AUTOMATIC CONTROL OF TEMPERATURE 

Automatic control of temperature is not much in favor in 
France, but some few installations such as the (Credit Lyonnais 
Societe Generale) and some large hotels and restaurants. French 
people spare expense wherever possible and watch the radiators 
closely that no heat is wasted. 

What regulators there are used, are mostly those of Grouville 
and Arquembourg, Dorian, Fournier, Hegner. 

COXCl.USION 

As briefly as possible, I have tried to point out the position in 
France of heating and ventilation theory and practice. 

I did not speak of the final inspection of heating installations, 
because, except for great state buildings or city administrations 
which have consulting engineers, the inspection for acceptance 
of plant is rarely performed. It is often admitted that an instal- 
lation proves satisfactorily working when no objections are 
made the first winter after its erection, the guarantee delay being 
one year. 

When objections develop, the architect orders the contractor 
to make a test, the conditions of which he is often unable to con- 
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trol. Generally are then applied the special rules of the Syndi- 
cate (Chambre Syndicale) of the Constructors of Heating and 
Ventilation Apparatus. 

It is only when an action is brought against the constructor 
that legal experts intervene to verify, according to all the known 
methods, if all the conditions of the contract are entirely ful- 
filled by the contractor. 



DISCUSSION 

Mr. Barron : I want to say a few words briefly on this mag- 
nificent paper, and I think it is creditable to the Society that we 
have received it. What I want to get on our record, possibly 
is the fact that General Moran, a Frenchman, of 40 years ago, 
published a great deal of "work with regard to ventilation. It 
was an exceedingly valuable work in the early days, and, I have 
no doubt, stimulated a great deal of the American practices in 
ventilation, and I do not think the author of the paper refers to 
the earlier workers in the heating and ventilating line at all, 
he gives present day practice, which of course, is exceedingly 
valuable, but it is not well I think, to forget the earlier practi- 
tioners, and General Moran was highly regarded by all the early 
workers, I am sure, in the heating and ventilating field. 

Mr. Bolton: Mr. Chairman, it is not usual to go out of our 
way to compliment an author upon a production presented 
before the Society, because we would like to take all we can 
get. and have everybody feel that in giving they are benefiting: 
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themselves, as well as others ; but we might record the fact that 
we appreciate a foreign member going to so much trouble as 
he has done, in giving us so wide a view of practice in another 
country. It is so highly interesting a paper, that if it is not out 
of order, I would move that this particular gathering send a 
vote of thanks to our good fellow-member, for taking the pains 
to g^ve us this interesting material. 

The Chairman: You have heard the motion that the thanks 
of the Society, as represented by the members present, be sent 
to our fellow-member in France, for this interesting paper. 
Carried unanimously. 

Mr. Donnelly : I am sorry this paper was not printed, because 
I am very much interested in some of those things, and as to 
whether the French method has been adopted over here — it has 
been very close to it. 

Without mentioning the names of others, I really consider 
that this g^eat change in the heating apparatus in the last five 
years has been toward the French method, and we are discard- 
ing the method of all heat, and no heat valves, and I am sur- 
prised at some of the larger concerns with whom heating was 
but a very small item, as to the care with which they are now 
studying the heating problem. I might mention a large packing 
house in New York City, that has very large plants for refrig- 
eration. Their total heating is a very small percentage of their 
mechanical work. You might say that their heating require- 
ments are not five per cent, of their other requirements, such 
as refrigeration, and other powers, and yet I find their master 
mechanic had spent three or four weeks in getting samples of 
valves, and having men call upon him to go into the study 
of heating for their minor requirements. 

They made tests of valves, and went into things much more 
than formerly. I saw some of the apparatus in the old building, 
which was of the old fashioned type, with small pipes, and high 
pressure radiators, and it seems they were discarding them, and 
making a close study of a method of heating, without air valves, 
and of this French control, of the inlet valve, or Tudor control, 
as it was called in this country. It seems to me that it is very 
encouraging that people who had really taken almost anything 
as good enough in the heating line are now looking into the 
thing, and trying to get a superior article. They were makins^ 
requirements that the pressure should not be over one-half pound. 
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CCCXXXIX 
FLOW OF STEAM IN PIPES 

BY W. F. VERNER 

In making a careful study of the flow of steam in pipes the 
author learned that several equations have been evolved foi use in 
such calculations, but unfortunately have been seldom used due no 
doubt to the difficulty of solution. After studying such authorities 
on the subject as Goodenough, Ennis, Rietschel, Weisbach, Meier, 
Eberle, Paulding and Marks and Davis, he decided to take these 
fundamental equations and put them in such form that logarithmic 
charts may be made, as by so doing the solution of various problems 
is made much simpler. Accordingly the subject has been treated as 
applying to low pressures, BETWEEN ATMOSPHERIC AND 
3 LB. PER SQUARE INCH GAUGE. 

FUNDAMENTAL PRINCIPLES RELATIVE TO STEAM 

If we apply heat to a vessel of water open to the atmosphere, an 
increase of temperature and a slight increase of volume may be ob- 
served. The increase of temperature represents a gain of internal 
energy; the slight increase of volume against the constant resisting 
pressure of the atmosphere represents the performance of external 
work, the amount of which may be readily computed. After this 
operation has continued for some time a temperature of 212 deg. F. 
is attained and steam begins to form. The water now gradually dis- 
appears; the steam occupies a much larger space than the water 
from which it is formed ; a considerable amount of external work is 
done in thus increasing the volume against atmospheric pressure and 
the common temperature of the steam and water remains constant 
at 212 deg. F. during evaporation. 

The same operation may be performed in a closed vessel, in which 
a pressure either greater or less than that of the atmosphere may be 
maintained. The water will now boil at some other temperature 
than 212 deg. F. ; at a lower temperature than 212 deg. if the pres- 
sure is less than atmosphere and at a higher temperature if jn'eatcr. 
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The latter is the case in an ordinary steam boiler. If the water be 
heated until it is all boiled into steam it will then be possible to in- 
crease the temperature of the steam or in other words superheat it, 
a result not possible so long as any liquid is present. For each pres- 
sure there is a fixed boiling point or temperature of ebullition. 

Consider a cylinder containing 1 lb. of water subjected to a 
pressure of 200 lb. per square inch absolute as in Fig. 1. Consider 
also that the temperature of the water is 32 deg. F. and it has a 
volume of W /y where W equals the weight and y is the density. If 
heat is applied the temperature will be raised and if sufficient heat 
is added the temperature will rise to 381.9 deg. F. and the volume 
will be ir»creased slightly. (See Marks and Davis steam tables.) 
The heat added or h equals 354.9 B. t. u. The internal •. ^'•<ry in- 
crease equals 354.2 B. t. u. and the external work done will be equiv- 
alent to the difference or 0.7 B. t. u. If we apply still more heat we 
will find that the temperature does not increase but that the volume 
increases rapidly. The temperature will remain constant until the 
water has received a total amount of heat equal to 1198.1 B. t. u., 
which means that 1198.1 minus 354.9 B. t. u. has been used to 
evaporate the water. The internal energy has been increased by 
759.5 B. t. u. and the external work due to the increase of volume 
to the final volume of 2.290 cu. ft. represents the equivalent of 84.4 
B. t. u. 

Comparing the heat values of 1 lb. of water at 32 deg. and 1 lb. 
of water at 381.9 deg. and 1 lb. of steam at 381.9 deg. and 200 lb. 
per square inch absolute pressure we have the following. 
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Temperature 
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1 lb. of Water at 881 .0.deg . . 
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364.9 
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354.2 


759.5 


1 lb. of Saturated Steam at 
800 lb. per sq. In. abs. and 
881.9 deff 


881 9 


2.290 


1198.1 


84.4 


»13.2 


88.7 


1118.7 





From the foregoing it is evident that if 1 lb. of dry saturated steam 
at 200 lb. per square inch abs. was confined in a vessel it would be 
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necessary to abstract more than 843.2 B. t. u. before the temperature 
could be reduced below 381.9 deg. F. Thus dry saturated steam 
serves as a great heat carrier. If 1 lb. of dry saturated steam under 
the foregoing conditions occupying a volume of 2,290 cu. ft. should 
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FIGURE 1 

be conveyed from one place to another it would be equivalent to 
transmitting 1198.1 B. t. u. as compared with the value of 354.9 
B. t. u. for 1 lb. of water at the same temperature and 40,656 B. t. u. 
for 114.5 lb. of water at 381.9 deg. occupying a volume of 2,290 
cu. ft. 

For the same volume water is capable of carrying more heat in 
the foregoing case by nearly 40 times but the weight is over 100 
times that of the steam. 

Assume for another comparison steam at atmosphere pressure and 
we have the following table. 



1 lb. of Water at 82 deg 

I lb. of Water at 212 deg 

1 lb. of Saturated Steam at 
147 lb. per EQ. in. aba. and 
212 dejr 
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For the same volume water is capable of carrying more heat in 
the foregoing case by nearly 240 times, but the weight is about 1600 
times that of the steam. 

Another interesting point relative to the heat carrjring capacity of 
steam and water is in the case of pipes for heating requirements. 
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TRANSMITTING STEAM BY MEANS OF PIPES 

The general theory of flow of elastic fluids is based upon two 
fundamental equations, which are derived by applying the principles 
of conservation of energy. Consider a section of pipe as shown in 
Figure 2. 

Alto assume the following symbols : — 
12(4X144)*/ 

i4 = a constant = 

2g(36[Xyiry 

a = internal area of pipe in sq. ft. = 



4X144 
ir(/m — /.)it 

B = a factor = 

12U 
D = outer diameter of pipe in inches 
d = internal diameter of pipe in inches 
/ = friction coefficient 

f = amount of work due to friction per unit of weight 
g = 32.16, a constant for gravity 
H = amount of heat transferred 
h = tiie quantity of heat in B.t.u. required per hour 

V = the quantity of heat in B.t.u. lost per hour 

/i + /i* = total quantity of heat in B.t.u. entering the pipe per hour 
h, = head in feet of steam to overcome single resistances 
ht = head in feet of steam to overcome pipe resistance 
/ = heat effect of a change of physical state 

k = transmission coefficient (B.t.u. per sq. ft. per hr. per deg. diff.) 

Li= latent heat of vaporization at final pressure pi 

Ln = latent heat of vaporization for the average pressure 

/ = length of pipe in feet 
M = mass = Wi/29 

p = pressure in pounds per sq. ft. absolute 

pt = abs. pressure of steam at the end of the pipe in lbs. per sq. in. 
pt = abs. pres. of steam at the beginning of the pipe in tbs. per sq. in. 
p\= abs. pres. of steam at the beginning without considering the single 

resistances such as ells, tees, valves, etc., in lbs. per sq. in. 
p\= pressure of the steam at the beginning necessary to overcome the 
single resistances 25 in lbs. per sq. in. 

q = amount of heat per' unit of weight 
S = single resistance factor 

s = heat external surface of pipe per ft. of length in sq. ft. = 

12 

T = effect of a change in temperature 

/. = temperature of the air surrounding the pipe 

tm = temperature of the steam corresponding to average pres. 

V = heat effect due to velocity 
V = velocity in feet per second 
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w = quantity of steam in lbs. per hour requirea 

u^= quantity of steam in lbs. per hour lost 

tt' -f zi/* = quantity of steam in lbs. per hour entering the pipe 

Wj= weight 
W = heat effect of a performance of external work 

y = density (Jbs. per cu. ft.) 
%S = summation of single resistance factors 

If no heat is added or rejected with respect to the volume of steam 
moving from A to C the sum of T + / -f- fi^ -f- F must remain 
constant and 

H = r. + /. + [f^, + i/, ^T. + h+w. + y. 

= s\ + w,^v, = s\ +ty,+ y, (i) 

IV = pressure times a change in volume. 

Assume w^ = unity then 

H = S\ + pjy^ + v\/%g = S\ + p,/y, + 7^/2^ 

or {S\ + v\/%g) — {S\ + v\/2g) = pjy^ — pjy, (2) 

which is the general equation for f rictionless flow and no transfer of 
heat to or from an external source. 

Let an amount of heat, q, leave the steam per unit of weight and 
the work of friction per unit of weight = /* 
then 

{S\ + z^a/2(7) - {S\ + v\/2g) = q +f -f 

+ Pc/yc—p^/y^ 

Note that the value of /^ drops out and as the work done in over- 
coming the friction goes back into the fluid we have 

(S\ + v\/2g) — (S\ + v\/2g) = q + Pc/yc-p./y. 

or (v\ — v\)/2g = — q+ (S\ + pjy^) — (S\ + p,/y,) (3) 

Equation 3 is the first fundamental equation. 

The effect of friction is to alter the distribution between the energy 
S^ and the energy v^/2g at section C leaving the sum total unchanged. 
Differentiating Equation 3 gives 

V dv/2g + dS^-^d (p/y) = — dq (4) 
Equation 4 considers only the initial and final conditions at A and 

C respectively and gives no information as to anything that occurs 
between these two points. Independently of the motion of the steam 
it may receive an increase of volume and therefore external work is 
done against the surrounding steam and S^ may increase then 

-dq + df = dS^ + pd{-) (6) 

Combining Equations 4 and 5 

vdv/g+(j^)dp + dr^O (6) 

Whence by integration 



Digitized by 



Google 



156 



FLOW OF STEAM IN PIPES. 



{.v'.-v\)/%g = - / Jj dp/y-f 



(7) 



The ftindamental Equations 3 and 7 are perfectly general and hold 
equally well for gases, vapors and liquids. 
From Equation 7 



f = Ph ^^/^ - (^'* - ^'c) /^9 



Iff = 



(8, 



(9) 



f^;" dp/y={v\-v\)/%g 

^ Pc 

In Equation 9 the expression I * dp/y represents an area which 

•/ />c 

may be obtained if the rate of change of the pressure and density 

is known. 

Consider the relation of pressure and density at various positions 




FIGURE 8. 

between A and C as represented in Figure 3 by the curve AC for 
frictionless motion and by AC* for the case with friction. 

J ^dp/y = area ACGD == the change of kinetic energy (z^'a — t;*.) 

/%g for frictionless motion. 

Draw the constant heat line BC*, then the change of kinetic energy 
represented by the heat change between A and C* equals that between 
A and B or the area ABED. 

The difference in area between AC^GD and ABED represents the 
work of friction. 

The foregoing theory is quite thoroughly taken up by Professor 
Goodenough in his Thermodynamics. 

Referring to Fig. 2. 

«' ,— - I 14477 

3600 w ^ \ V 
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The quantity of steam in pounds pe^ hour required at any point 
must equal the quantity of heat required divided by the heat contents 
of 1 lb. of steam. In steam heating work it is advisable to assiune 
that the heat content available is the heat of vaporization per 
pound of steam. 

Then 
wz=zh/L^ (11) 

Also 

ZV'z=zh'/U (12) 

h'=sl{U — t,)K (13) 

k 

w^=sl{t^ — U) (14) 

The necessary velocity in feet per second to supply a quantity of 
steam w -\- w^ as it starts into the length / 
w + sl{t^ — U)k 

v = (15) 

3600 y a Ln, 
From reason and numerous observations we may assume that the 
resistance of friction increases directly as the length / and inversely 
as the diameter d and therefore proportional to the ratio l/d. If 
we measure this resistance by the height of a column of the fluid 
which must be deducted from the entire head in order to obtain the 
height requisite for the generation of the velocity we may put for 
this height which will be termed the height due to the resistance, 

ht = where / represents a number obtained from experiment. 

d2g 



12 
ht is equal to the pressure divided by the density then ht = p/y. 

Considering the resistance to the flow due to the surface of the 
pipe take an elementary length dl then the change of pressure due to 
the resistance encountered may be obtained from 
dp fdlv^ 

-= (1«) 

3' d 2g 



12 
From the latest tests we may accept the value of 0.0300 for / (see 
appendix). 

Substituting in Equation 16 the value of v of Equation 15 gives 
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dp rzv + si(t^-u)tn'fdi 

y L SeOOyaLrn J d2g 



(17) 



12 
The above equation may be reduced to the form 
A 
ydp = —(w+DBiydl (18; 

12(4X144)«/ 

where /4= (19) 

2^(3600')* 
""(tm — Qk 

and B = (20) 

12 L.„ 



TRANSMITTING LOW PRESSURE STEAM BY MEANS OF PIPES 

Assuming y constant we obtain upon integrating equation 18 
Al [Sw^ + Sw DEI + {DBLY] 

P\-P^= (21) 

d'^yX 432 
From equation 14 and 20 

w' =: DBl (22) 

A I 3w^- + w^ (3 w + w') 

P\-P.= — X (23) 

d'^y 432 

From equation 19 

12 (4 X 144)2/ 12 (4 X 144) » 0.0300 

A=z = = 0.0000142 (24) 

2^(3600'r)2 2X32.16(3600'^)'^ 

Substituting in equation 23 

0.00329 / r3w^ + w^{Bw + 7v' ) "1 

P\ — Pi= X (26) 

(10d)« L V J 

Since w^ is small compared with 3w it can be neglected and 
0.00987 / 

p\ — />i = (w + w^)w ( 26) 

(lOdyy 
Substituting values of equations 11 and 12 
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0.00987 / 

P't — Pi = (h/L, + h/U) h/L, (2?) 

(lOdyy 
The head A, due to single resistances is 

h. = v*/2gX^ (29) 

From equations 10, 14 and 15 

v. = (30) 

3600 ya 

Then (w + w'yiS (w + w'yiS 

h. = P'\/y:= = (31) 

(36003fa)*25r 144 (12.55rf)*3f 

(^w + w^y%s {h/L, + h^/uy%s 

P'\ = = (32) 

144 (12.55d) *y 144 (12.55(/) ^y 

Equations 27 and 26 enable the determination of the pressure drop 
in straight unobstructed pipes. If single resistances occur in the pipe 
line it is necessary to add the pressure drop due to those resistances 
to the pressure drop due to the straight pipe resistance. Adding 
the value of />**, gives 

0.00987/ (w + w^yS 

p2 — Pi= (^t' + w') w + (33) 

(lOdyy 144 (12.55d)*y 

^^ 0.00987 / (h/L, + h/UyS 

P2-Pi = (h/L, + h/U) h/L, + 

(lOdyy 144(12.55d)*y 

(34) 
For ordinary work />*% is small and if the diameters are to be 
calculated having the difference between the beginning and end pres- 
sures given or in other words the increase of pressure there follows 
if one neglects the local or single resistances 



d = 0.0397 * 



. =0.0397 * • 

\ (P\-Pi)y \(P\-Pi)y 



(35) 
If the local resistances are to be considered, />", is to be calculated 

from equation 32, then subtracted from p% and this new value used 

instead of p\. 
In practice the steam pressure of a heating system is usually given 

or is to be chosen. In the radiator it is to be used up. Therefore at 



Digitized by 



Google 



160 FLOW OF STEAM IN PIPES. 

the lower ends it approximates atmospheric pressure. Quite often 
the mistake is made of putting in a pipe connection to a radiator 
larger than necessary and then throttling the steam. This is quite 
likely to cause annoying noises. By choosing the right pressure drop 
in the pipe line and the steam pressure in front of the radiator, this 
noise may be entirely eliminated. 

In regard to the pressure drop, it depends mainly upon the gauge 
pressure at the boiler and upon the length of the pipe line. One 
should not choose the pressure unnecessarily high if branch pipes 
end near the boiler. 

The following are good values : — 

1.0 lb. per square inch when steam is to be transmitted 460 ft. 
1.6 lb. per square inch when steam is to be transmitted 660 ft. 
2.0 lb. per square inch when steam is to be transmitted 800 ft. 
2.5 lb. per square inch when steam is to be transmitted 1200 ft. 
3.0 lb. per square inch when steam is to be transmitted 1600 ft. 

In regard to the steam pressure immediately in front of the radi- 
ator it must be so chosen in a low pressure heating system that the 
steam is all used up in the radiatoi. This is very essential if one 
wants to obtain good regulation. To answer this it is necessary to 
use equation 33. 

As the working pressure for low pressure heating covers but a 
small range it simplifies the equations by substituting an average 
value for L and y. 

Using 3 lb. per square inch gauge as the boiler pressure the cor- 
responding values of L and l/y are 964.3 and 22.50 and equation 
35 becomes 



(36) 



rfi=: 0.00474 '^ == 0.0740 «^l 



Using atmospheric pressure the corresponding values of L and l/y 
are 970.4 and 26.79 and equation 35 becomes 

d = 0.00489 / = 0.0766 / (37) 

V (p\-p.) y {P\-P. 

If we use the equation 

i\l(h-\-K')h si /(w + «;')«■ 
d = 0.0048 I =0.075 (38) 

the error will be small when the working pressures are from 3 lb. 
per square inch gauge to atmospheric pressure. 
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Then 0.02554 / (/i + A^) h 

Equation 27 becomes />* , — />! = ( 39 ) 

(lOOd)^ 
0.00002585 {h + h^y-S^S 

Equation 32 becomes p^*, = (40) 

144 (12.55d)* 
0.02654 / (A + A^) h 

Equation 33 becomes />2 — />, = = 

0.00002686 {h + h^yxS (lOOd)* 

(41) 

144(12.55d)* 

TABLES 

Table A gives values of the dimensions for standard wrought 
iron and steel pipe as adopted January 1, 1913. 

Table 1 gives values of d for different values of /» (A + AM and 
/ 
for estimating purposes. 

P\ — Pi 

Table 2 gives values for the B. t. u. carried by standard pipes per 
hour neglecting heat loss from pipes for different pressure drops in 
10 ft. of pipe. 

Tables 3 and 4 give various values relative to standard pipes which 
are of service in solving the foregoing equations. 

SINGLE RESISTANCES 

The question of single resistances relative to steam heating prac- 
tice seeim to have had little attention in the testing laboratories and 
it is to be hoped that some authoritative data will be forthcoming in 
the near future. 

Considerable work has been done by several companies relative to 
the flow of air, notably those, with which Mr. W. H. Carrier and 
Mr. Frank L. Busey are connected. 

Rietschel in his excellent treatise "Lnftungs und Heisungs An- 
lagen** gives some values and Meier in his valuable work on the 
"Mechanics of Heating and Ventilation" gives various values. 
The following values of 5 may be used for steam : — 

Steam boilers 2.60 

Globe valves and radiators 2.00 

Tees (rounded) 1.33 

U bends (short) 1.00 

Reducers and short ells 0.67 

Reducers and long ells 0.42 

Long sweep ells 0.33 

Gate valves 0.25 
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162 FLOW OF STEAM IN PIPES. 

LOW PRESSURE STEAM CHART A 

The low pressure steam chart enables the graphical solution of 
Equation 38 and is to be used in the following manner. 

Assume a run of straight pipe for delivering 660,000 B. t. u. per 
hour and losing 30,000 B. t. u. per hour to the air surrounding the 
pipe. The initial pressure to be 2 lb. per square inch gauge and the 
final or delivery pressure 1.2 lb. per square inch gauge. The length 
to be 300 ft. 

Then 

h = 660,000 B. t. u. per hour 
h + h^ = 680,000 B. t. u. per hour 
i = 300 ft. 
p^2 — /^i = 0-8 Jb, per square inch 

Draw a horizontal line representing 650,000 B. t. u. and indicate 
at the right until it intersects the vertical line representing 680,000 
B. t. u. indicated at the bottom. Through this intersection draw a 
46 deg. diagonal as indicated on the chart. Draw a horizontal line 
representing 0.8 lb. per square inch and indicated at the left until it 
intersects the vertical line representing 300 ft. indicated at the top. 
Through this intersection draw a 45 deg. diagonal as indicated on 
the chart. The intersection of the diagonals represents the pipe 
diameter. In the foregoing example the size of the pipe is slightly 
in excess of 3 in. If a 3 in. pipe were used the pressure drop would 
be in excess of 0.8 lb. per square inch and is obtained as follows. 

Where the 45 deg. line passing through the intersection of the 
550,000 B. t. u. and 580,000 B. t. u. lines intersects the 3 in. diameter 
pipe line it will be necessary to draw a 45 deg. parallel to the 46 
deg. line passing through the intersection of the 0.8 lb. per square 
inch and 300 ft. line until it intersects the 300 ft. line, thence hori- 
zontally to the right and read 0.87 lb. per square inch as the pres- 
sure drop. 

LOW PRESSURE STEAM CHART B 

The low pressure steam chart enables the graphical solution of 
equation 40 and is used in the following manner. 

Assume a pipe 1.5 in. nominal diameter (internal) for receiving 
146,000 B. t. u. per hour with a summation of single resistance fac- 
tors equal to 4.6. 
Then 

h + h^ = 145,000 B. t. u. per hour 
rfi = 1.6 in. 
55" = 4.5 
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Draw a horizontal line representing 145,000 B. t. u. and indicated 
at the left until it intersects the vertical line representing 145,000 
B. t. u. and indicated at the bottom. Draw, a 45 deg. diagonal 
through this intersection as indicated on the chart until it intersects 
the 1.5 in. diameter pipe Hne, then draw a 46 deg. diagonal through 
this last intersection at right angles to the first until it intersects the 
vertical line representing 25* = 4.6 as indicated at the top and read 
/>"2 on the horizontal through this intersection as indicated at the 
right, which in this case is 0.103 lb. per square inch. 

Fig. 4 is an assumed layout for overhead low pressure steam heat- 
ing with the returns left off as they are to handle only the condensa- 
tion and will not eflfect the sizes of the steam pipes. 

Columns a, b and g of Table B give values which are generally 
known before attempting to determine the proper pipe sizes. Values 
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FIGURE 4. EXAMPLE OF OVERHEAD LOW PRESSURE HEATING SYSTEM 



of c and / are assumed and if an assumption turns out to be radically 
wrong correction must be made after estimating the pipe sizes. 
Column h is so assumed that the working pressure will harmonize 
well with the limiting pressures p^ and />%. It may require some 
adjustment before the figures are acceptable and give fairly uniform 
pipe sizes. It would not be advisable to put in large pipes and ex- 
ceedingly small pipes. Column d is obtained from Table 2. 

The values of d must be considered with respect to the single re- 
sistances and corrections made. The values given serve their pur- 
pose for estimating but before the system is constructed each section 
must be calculated. 
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Note that the values of p^ and />, here used are gauge pressures, 
which is permissible as the difference enters into the equations as 
used. 

CALCULATIONS OF PIPE DlAMETEKa 

Section 1. 

h = 12,000 
d = ^ in. 
IS = 2.6 
p^\ = 0.00636 

k = 0.78 for protected pipes. 
/=23ft. 

h'z^sK.t^ — t^) ife= 0.275 X 23 (212 — 70) 0.78 = 700 
p\ — p^ = 0.0236 

p^ — p^ = 0236 + 0.00636 = 0.02996 
/>, = 0.036 + 0.02996 = 0.06496 

Section 2 

h = 16,000 
d = >^ in. 
25*= 2.5 
p^\ = 0.028 
Ai z= 0.220 X 6.6 (212 — 70) 0.78 = 160 
/ = 6.6 ft. 
h + h^ = 15,160 
p\-p, = OMl 

p^ — p,=z 0.041 + 0.028 = 0.069 
/>, =0.036 + 0.069 = 0.104 
Section 3 

h = 27,860 
d = 1 in. 
1S = S 
p^\ = 0.0164 
A^ = 0.344 X 39.6 (212 — 70) 0.78 = 1600 
/ = 39.5^ 
A + A* = 29,350 
/>S — /^, = 0.066 

/>j — />, = 0.066 + 0.0164 = 0.0804 
p^ - 0.104 + 0.0804 = 0.1844 
Section 4 

A = 12,000 
d = ^ in. 
S5'=2.5 
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/^", = 0.0061 

A^ = 0.275 X 6.6 (212 — 70) 0.78 = 200 
/ = 6.5 
h + h^ = 12,200 
p\ — pi = 0.0066 

p^—p^ = 0.0066 + 0.0061 = 0.0127 
/>, = 0.036 + 0.0127 = 0.0477 
Section 6 

h = 10,000 
d=y2in, 
iS'=2.6 
/>", = 0.0126 
fti = 0.220 X 6.6 (212 — 70) 0.78 = 160 
/ = 6.6 ft. 
h + h' = 10,160 
p\ — pr = 0.0176 

p^ — p^ = 0.076 + 0.0126 = 0.0301 

/>2 = 0.036 + 0.0301 = 0.0661 which is too large and 

it will be necessary to use a J4 in. pipe then 
p^\ = 0.0041 
A^ = 0.275 X 6.6 (212 — 70) 0.78 = 200 
h + h^ = 10,200 
p\ — p, = 0.0046 

/>2 — />! = 0.0046 + 0.0041 = 0.0087 
/>2 = 0.036 + 0.0087 = 0.0437 

Section 6 

h = 22,400 
d = J4 in. 
25 = 1.0 
p^\ = 0.0082 
Ai = 0.275 X 16.6 (212 — 70) 0.?8 = 600 
/= 16.5 ft. 
h + h^ = 22,900 
^S-^ = 0.067 

p^ — p^ = 0.067 + 0.0082 = 0.0652 
/>, = 0.048 + 0.0662 = 11 32 

Section 7 

h = 13,000 
rf=Hin. 
25=2.5 
p", = 0.021 
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h' = 0.220 X 6.6 (212—70) 0.78 = 160 
/=6.6ft. 

h + h^ = 13,160 

p^ — pi = 0.031 + 0.021 = 0.063 
/>, = 0.036 + 0.053 = 0.088 
Section 8. (Same as 2) 
Section 9 

h = 61,220 
d = 1 in. 
^ = 1.6 
/>", = 0.024 
A^ = 0.344 X 16.6 (212-70) 0.78 = 630 
/= 16.6 ft. 
h + h^=z 61,860 
p\ — p^ =O.OSd 

p2 — p^ = 0.089 + 0.024 = 0.113 

p^ = 0.113 + 0.113 = 0.226 which is too large and it 
will be necessary to use 3. 1% >"• pipe. 
/)", = 0.0078 
A^ = 0.436 X 16.6 (212—70) 0.78 = 800 
h + h^ = 62,020 
p\ — p^ = 0,0215 

P2 — P1 = 0.0216 + 0.0078 = 0.0293 
p^ = 0.0293 + 0.113 = 0.1423 
Section 10 

h = 81,380 
d = iy2 in. 
55* = 

A* = 0.497 X 33 (212 — 70) 0.78 = 1800 
/ = 33 ft. 
h + h^ = 83,180 
p\ — pt=: 0.063 

p^ = 0.053 + 0.184 =z 0.237 
Section 11. (Same as 1) 
Section 12. (Same as 2) 
Section 13 

h = 27,860 
d = ^ in. 
25"= 1.5 
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p^\ = 0.019 
/i^ zn 0.275 X 1'^ (212 — 70) 0.78 = 540 
i = 17 ft. 
h + h^ = 28,400 
p\ — pi = 0.091 

p^ — p^ = 0.091 + 0.019 = 0.110 
/), = 0.110 + 0.104 = 0.214 
Section 14 

h = 111,580 
d = 1^ in. 
55 = 

h} = 0.497 X 29.6 (212 — 70) 0.78 = 1620 
/ = 29.6 ft. 
A + A^ = 113,200 
/^^, — /^i = 0.088 

/), = 0.237 + 0.088 = 0.325 

Section 15. (Same as 1) 
Section 16 

h = 14,000 
d = J4 in. 
Si* =2.5 
/>", = 0.0243 
A* = 0.220 X 6.6 (212—70) 0.78 = 160 
/=6.6ft. 
h + h^ = 14,160 
p'^ — p^ = 0,0351 

p^ — p^ = 0.0351 + 0.0243 = 0.0594 
p^ = 0.036 + 0.0694 = 0.0944 
Section 17 

A = 26,860 
d z= ^ in. 
25 = 1.6 
p'\ = 0.018 
h^ = 0.275 X 26 (212 — 70) 0.78 = 800 
/ = 26 ft. 
h + h^ = 27,660 
^S-^=0.13 

p^ — p^ = 0.13 + 0.018 = 0.148 
/>3 = 0.096 + 0.143 = 0.243 
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Section 18 

h = 140,860 
d=iy2 in. 
25" =4.5 
p^\ = 0.103 
/»^ = 0.497 X 86 (212 — 70) 0.78 = 4,700 
/=85ft. 
h + h' = 145,560 
p\-p^ = 0A10 

p^ — p^ = 0.410 + 0.103 = 0.613 

/>2 = 0.325 + 0.613 = 0.838 which is too lare;e and it 
will be necessary to use some 2 in. pipe. p2 must equal 0.750 and p^ 
equals pz of Section 14 or 0.325. Letting />"jj remain 0.103 though 
in fact it will be somewhat less. Then the pressure loss in the 
straight pipe will be, 

p\ — p, = 0.760 — 0.103 — 0.325 = 0.322 
Upon inspection it will be noticed that the length of 2 in. pipe will 
be less than the IJ/2 in. pipe. One or two trials on the chart will 
result in the selection of 25 ft. of 2 in. pipe and 60 ft. of lyi in. 
pipe for which 

p^2 — Pi = 0.033 for the 2 in. pipe and 
p^2 — h = 0.289 for the V/t in. pipe 
then 

/>, = 0.033 + 0.289 + 0.103 + 0.325 = 0.760 
Table C gives a summary of the calculations and it will be noted 
that it was found necessary to increase the sizes of pipes in some 
cases. It would be well then in estimating to make some allowances 
for single resistances. The allowance naturally will depend upon the 
number of resistances encountered in the pipe lines. 

Steam chart C enables the determination of the velocity of the 
steam in pipes, and is self-explanatory. 
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Heat Units oer Hour 






Increase of 


Gauge 














1 


pres. toward boilei 


Pressure 


CI 


1 


III 
III 


1 

a! 
11 


1 


Losses in 
pipe branches 


am 

lei 


4 


t 


c 


i 

S8 


a 


b 


c 


e 


' 


1 . 


1 - 


1 


Px 1 p. 


1 ^ 




12,000 




12.000 


700 


28.0 


.0033 




.085 


.1109 


I 




10,000 




15.000 


150 


6.5 




.0117 


.085 


.1109 




27.000 


850 


•J7.850 


1,600 


89.5 


.0020 




.1109 


.1890 


1^ 




12,000 




12.000 


200 


6.5 


.0033 




.035 


.0564. 


%, 




10,000 




10,000 


200 


6.r) 




.0033 


.035 


.0664 


1/ 




22,000 


400 


22.400 


tf50 


16.5 


.0033 




.0564 


.1109 


% 




13,000 




18,000 


160 


6.5 




.0117 


.035 


.1109 


yt 




16,000 




16,000 


150 


6.5 




.0117 


.085 


.1109 


]{ 


• 


00,000 


1,850 


51.850 


650 


16.5 




.0048 


.U09 


.1899 


1 


10 


77,000 


4,800 


81,850 


1,800 


33.0 


.0017 




.1899 


.2469 


IH 


U 


12.000 




12,000 


700 


23.0 


.0033 




.085 


.1109 


M 


12 


16,000 




16,000 


150 


6.5 




.0117 


.085 


.U09 


^'1 


IS 


27,000 


800 


27,850 


550 


17.0 




.0079 


.1109 


.2459 


% 


14 


104.000 


7,600 


111,750 


1,700 


29.5 




.00183 


.2469 


.300 


V \+ 


16 


12.000 




12,000 


700 


23.0 




.0038 


.035 


.1109 


% 


16 


14,000 




14,000 


150 


6.5 




.0117 


.035 


.1109 


l\ 


17 


20.000 


800 


26,850 


800 


26.0 


.00726 




.1109 


.300 


iS 


18 


180,000 


10,900 


140.000 


4.600 


85.0 


.0063 




.300 


.760 



Sum 146,600 
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TABLE C 




Heat Units 


per Hour 




OQ 




1 
a 


Gauge 
PrpRPure 




1 


1! 


1 

•MOD 

11 


8 
a 

QQ 


Losses in the 
branch pipes 




2. 

II 


d 

u 

E 

S 


a 


b 


c 


d 


f 




1 


g 


Pi 


1 p. 


d 


1 


12,000 




12.000 


700 


2.5 


.00635 


23.0 


.035 


.065 


^ 


2 


16,000 




16.000 


100 


2.5 


.0280 


6.6 


.085 


.104 


8 


27,000 


860 


27,800 


1,600 


8.0 


.0164 


89.5 


.104 


.184 


1^ 


4 


12,000 




12,000 


200 


2.5 


.0061 


6.5 


.085 


.048 


%, 


6 


10,000 




10,000 


200 


2.5 


.0041 


6.5 


.085 


.044 







22,000 


400 


22.400 


600 


1.0 


.0082 


16.5 


.048 


.113 


if 


7 


18,000 




18.000 


100 


2.5 


.0210 


6.5 


.035 


.088 


]4 


8 


16.000 




16,000 


160 


2.5 


.0280 


6.5 


.085 


.104 


:{ 


9 


60,000 


1,220 


61,220 


800 


1.5 


.0078 


16.5 


.113 


.142 


JW 


10 


77,000 


4,880 


81,880 


1,800 


0.0 


.0000 


88.0 


.184 


.237 


l8 


11 


12.000 




12,000 


700 


2.5 


.00635 


28.0 


.085 


.066 


K 


12 


16,000 




15,000 


160 


2.5 


.0280 


6.5 


.085 


.104 


\H 


18 


27.000 


800 


27,800 


640 


L5 


.0190 


17.0 


.104 


.214 


a^ 


14 


104,000 


7,680 


111,580 


1,620 


0.0 


.0000 


29.5 


.287 


.825 


i8 


16 


12.000 




12,000 


700 


2.5 


.00685 


28.0 


.085 


.065 


a? 


16 


14.000 




14,000 


160 


2.5 


.0243 


6.5 


.085 


.096 


'9 


17 


20.000 


800 


26,800 


800 


1.5 


.0180 


26w0 


.006 


.248 


% 


18 


180,000 


10360 


140.800 


4,700 


4.5 


.1030 


85.0 


.325 


.750 


1^ with 
2 in. con- 
nection at 
boUer 25 
ft. long. 
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APPENDIX 

The value of the coefficient "f" as used by various authorities and as 
computed is as follows: 

Authority "/" 

Geipel and Kilgour .033 

Gutermuth .030 

Haropsley 028 

Martin 0265 

Hurst 0264 

3.6 

Unwin 0106 (1 + ) 

d 
3.6 

Carpenter 0104 (1 -f ) 

d 

3.6 

Babcock .0104 (1 + ) 

d 

Eberle (Zeitschrif t des Veriens deutscher Ingenieure, 1908) 0201 

Fisher (S. Handbuck der Architektur III 4) 0294 

C. Bach and R. Stucke (A.S.M.E. Journal, Sept., 1913) 0335 

.03825 
Meier's (low pressure) 

Y.03 (|.16 

.03825 
Meier's (high pressure) 

V.05 ^.20 

Rietschel (Uses Eberle's value for high pressure) 0201 

Rietschel (Uses Fisher's value for low pressure) 0294 



DISCUSSION 

Mr. Bolton : I met a man who had a pipe 4,000 feet long, to 
supply steam under moderate pressure, no steam at all came out 
at the other end, because the surface was simply condensing it 
all. Most of our tables and figures seem to be based upon a 
condition which is ideal, so that those losses are within a certain 
minimum amount, which is assumed here, and they do not seem 
to regard the fact, which I believe we have yet to learn, that the 
conditions for condensation vary inside the pipe itself, and accord- 
ing to the speed of the steam in the pipe. 

I have had an illustration of that fact, which I hope to lay 
before the Society at a later date. In the case of an extended 
test, when in a system of piping, the condensation inside the 
piping increased in volume, not merely relative to the amount 
of steam, but in total volume, as the amount of steam passed 
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through the pipe decreased ; in the units the less steam that was 
passed through the pipe, the more condensation came from the 
pipe. 

Now we have to decide for ourselves what is causing that 
condition. 

As regards the question of insulating pipes, I believe Pro- 
tessor Diederichs has been making a study and stated that 
there came a point where additions to the covering laid over a 
pipe became a loss, instead of a gain. 

We will ask him on some occasion to give us information on 
these results. Bye and bye, I think we may learn something 
about how many B.t.u.'s, can be pushed through a pipe of given 
length. I would like to make one criticism of the paper I just 
heard, — that the use of 10 feet se^ms to be too short a basis for 
computation. I would like to see that replaced by the old 
standard figure of 100 feet, we have long been accustomed to 
seeing. 

Mr. Davis : The question of covering has been taken up here. 
I know that Professor Harding, a member of this society, has 
done a great deal of work in Pittsburgh, on testing covers, and 
I think he probably has as complete a set of data on that as 
any man in the country, and I believe he would give it to the 
Society if he were asked. 

Mr. Donnelly: Mr. President, I am very interested in the 
flow of steam in pipes. One of the first things I did, after I 
became a member of the Society, and got started, was to try and 
get out something along that line, and I believe some tables that 
I presented to the Society have come into more or less gen- 
eral use. 

I found as far as the heating is concerned, there are two prob- 
lems, one is the flow of steam in the pipes within the buildings 
themselves, and the flow of steam in pipes from one building to 
other buildings, which were more exposed than those within 
the buildings themselves. The drop in pressure in steam is not 
as important to my mind as the possibility of the good drain- 
age for the condensation, producing what we commonly call 
good circulation. Therefore, high drops in pressures, within 
the building itself, are not often met. 

If we pipe low pressure steam for a long distance between 
buildings, shall we make any diflference in the sizes of pipes 
from those within the building? It is my practice to design all 
buildinjjs on the same scale of piping, so that wherever it is 



Digitized by 



Google 



182 DISCUSSION ON PAPER, FLOW OF STEAM IN PIPES. 

placed in the plant, it would have the same drop in pressure 
as that in the building. 

But to figure the steam main from one building to another, is 
a different problem, especially if it has been piped for steam to 
be conveyed at low pressure. Where the steam is conveyed 
between the buildings at high pressure, and reduced at the 
building, we have large drops in pressure. 

Data regarding the drop in pressure for steam pipes, where 
the drop is of any considerable amount, I have never seen pub- 
lished. Professor Kent in his handbook, states that the for- 
mula ofi/^Jgh for flow of steam through an orifice, is only cor- 
rect for small differences in pressure. The same thing obvi- 
ously might be said about the |/2HG being correct, for only 
small differences of pressures in a pipe. I have never seen it 
stated clearly enough, so that members could get hold of it in 
that way. Therefore, the formulas, which are here figured, for 
large drops, and long runs, do not apply. The drop in pressure 
is a great deal more than the formula gives, applied to some of 
the thermo dynamics, of steam. 

Mr. William Kent: When an engineer is designing a low- 
pressure steam-heating system, about the only problem he has 
to solve relating to flow of steam in each run of pipe that he 
intends to use is the following: What commercial size of pipe 
shall be used to carry a given number of pounds of steam per 
hour with a given drop in pressure? He may solve it by means 

of the commonly accepted formula W — c I w (p-p2) d' 

which W = weight of steam in pounds per minute, c = an ex- 
perimental coefficient, W = density of steam in pounds per cubic 
foot, pi and pj pressure in pounds per square inch at the two 
ends of the pipe, d the actual internal diameter of the pipe in 
inches and L the length in feet. To solve the problem in this 
way it is necessary to refer to tables to find values of W and c, 
and of actual diameters corresponding to nominal sizes of pipe, 
also to tables of squares and of fifth powers. It is much easier 
to refer to a single table in which most of the calculations are 
already made, such as the one given by the writer in the Trans- 
actions for 1907 (also in the Mechanical Engineers' Pocket book, 
8th edition, page 670). In fact, for pressures between atmos- 
phere and 3 lbs. gauge the following brief table is all that is 
necessary. 
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Flow of low pressure steam in pipes, pounds per hour, calculated 
for a drop of 1 pound per 1,000 feet of length : 



Nominal 
diam. of 


Verner 
3 lbs. 


pipe in. 




% 


C2 


% 


12.5 


1 


24.0 


1% 


45.« 


1% 


67.1 


2 


125 


2% 


190 


3 


n37 


m 


483 


4 


603 


4% 


880 


5 


U64 


6 


1844 


7 


2668 


8 


3667 


9 


4872 


10 


6479 


12 


10176 



K€ 

0.3 lbs. 


nt 

3.86 

4.6 


Babcock 

MulUply flff- 

ures in 8d ft 

4th col. by 


4.2 




9.7 


10.5 




19.0 


20.7 


0.90 


40.1 


43.7 




61.4 


66.8 




120.8 


131.6 


0.99 


195.7 


213.2 




345.5 


376.4 


1.05 


505.3 


550.5 




701.4 


764.4 


1.09 


938.7 


1023 




1252 


1364 




2011 


2192 


1.15 


2936 


3199 




4082 


4448 




5462 


5951 


1.20 


7314 


7968 




11550 


12594 


1.24 



For any other drop multiply the figures given by the square 
root of the drop per 1,000 feet. Example : if the drop is 9 pounds 
per 1,000 feet the figures of flow are to be multiplied by 3. 

The figures in the second column are obtained from Mr. Ver- 
ner's table by dividing the B.t.u. carried with 1 pound drop per 
100 feet of pipe by 10,000 and adding 3 per cent., in order to 
convert his figures into equivalent pounds of steam (assuming 
the latent heat at 970 B.t.u.), carried with 1 pound drop in 1,000 
feet. The figures in the third and fourth column are taken from 
the table published by the writer in 190?, and are computed from 
the formula given above with the following values of C. 



Diam. 



of pipe >^j % \ IV4 IV2 -' 2M, 3 :{>/j 4 4 'a •'» ' 7 8 l» 
O = M.H 42 r>4.3 48 50 .•»2.7 TA.H .'16.2 o^T.l 57.S .Vn.-I .>.7 50.5 60.2 60.9 61, 



10 12 
:i 61.7 62.1 



Mr. Babcock's formula, published in the Babcock & Wilcox 
Co.'s book "Steam," gives values which differ from those in the 
third and fourth columns by the ratios given in the fifth column. 
Mr. Verner*s figures for the larger size of pipe are much lower 
than the writer's values and much lower than Babcock's. 

Mr. Verner*s figures are based on the assumption of a con- 
stant value of the coefficient of friction. It is well known that 
the value of this coefficient varies with the diameter of the pipe 
and probably also with the velocity. 
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It is to be regretted that Mr. Verner has spent such a vast 
amount of time and labor in producing extensive tables and 
logarithmic charts which are less reliable, and vastly less con- 
venient than the simple tables already in use. The engineer 
never needs to figure the British thermal units carried by a pipe, 
always using the pounds of steam instead, and he has no need 
of logarithmic charts when the information they convey is more 
easily found by reference to more convenient tables. 

Mr. Verner: Professor Kent's discussion is quite opportune 
and allows me to bring out several points which though touched 
upon in the paper need some emphasis. 

The equation quoted by Professor Kent is obtained in a sim- 
ilar manner to the method I have used in arriving at equation 
38. It will be noted however, that equation 39 contains the 
value (w^) which represents the equivalent weight of steam lost 
in the pipe line as heat units and in many low pressure heating 
systems is an item of considerable importance. 

The quantities used in the tables and charts are expressed in 
B.t.u. per hour which is the generally accepted measure for esti- 
mating heat transmission of walls and heating apparatus. I 
have found that it is much more convenient in designing low 
pressure heating systems to carry all quantities in B.t.u. until I 
reach the source of heat supply. 

Table 2 will be found very convenient to use as explained 
relative to figure 4 and table B, and is close enough for esti- 
mating purposes as brought out by table C which is a result of 
computation. 

I fail to see where Professor Kent is justified in using coef- 
ficients obtained from the widely accepted formula of Darcy's 
for the flow of water and applying them to steam. He states 
in his "Mechanical Engineers' Pocket Book": "In the absence 
of direct experiment, these coefficients are probably as accurate 
as any that may be derived from formulae for flow of water." 

The expressions used by Rietschel and Fisher and others 
agree closely among themselves and appear to be the most accu- 
rate for the range of diameters and velocities met in low pres- 
sure heating work. The value of "f" used by Rietschel is the 
same as used by Fisher or .0294 and is applied to pipes rang- 
ing from }i inch to 12 inches diameter. 

In reply to Professor Kent's expression of regrets as to the 
amount of time and labor spent in producing the tables and 
charts I am able to state that they have already more than paid 
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for themselves — for instance, assume a 100 square foot radiator 
giving up 250 B.t.u. per square foot per hour. A pipe 50 feet 
long is to supply the radiator with steam at 0.1 pounds per square 
inch. The pressure entering the pipe is 0.2 pounds. What size 
pipe is necessary allovsring 10 per cent, lost in transit? The 
pressure drop in the pipe per 10 feet is .02 pounds, the B.t.u. 
at the radiator desired is 25,000 and at the entrance of the pipe 
10 per cent, more or 27,500. From table 2 for .02 pounds drop 
in 10 feet it is evident that a 1-inch pipe is required. What 
would be the pressure drop if a 2-inch pipe were used? From 
table 2 a 2-inch pipe is good for 27,100 B.t.u. at .0005 pounds 
drop for 10 feet or .0025 pounds drop in the 50 feet. 

The possibilities of logarithmic charting as a method of cal- 
culation are only beginning to be appreciated. The slide rule 
was looked upon at first with some hesitancy. The graphical 
method should add materially to the efficiency in engineering by 
encouraging more care in the solution of problems. 

I would like to say a word more. I appreciate very much 
what has been brought out by this paper. That is one reason 
why I gave it — I wanted it cut to pieces. And I hope that they 
will keep on cutting it, and I hope it goes into the record with 
some scars on it, and I hope it will be brought up again. We 
need work on this subject. We have good data relative to the 
flow of air submitted by Mr. Busey and others. I am going to 
give some time to find the values for steam, and I hope some- 
body else will be doing the same thing, so that we can compare 
results. 
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CCCXL 
HEATING AND VENTILATING IN GERMANY. 

BY H. VV. E. MUELLENBACH, HAMBURG 

For heating several rooms from one place the term "central 
heating" has been introduced in this country. The practice of 
building central heating plants is old. Beldnging formerly to 
the building trade, it developed in Germany an independent tech- 
nique during the first quarter of the previous century. 

Originally, hot-air heating systems were used, depending upon 
the natural buoyancy of the air. They were carefully planned 
according to the physical laws of air currents for which known 
rules had been ascertained. These requirements called for large 
transverse sections for the channels for air currents which ren- 
dered it difficult to build them in walls or under ceilings. Tin 
pipes were never used. Later a kind of low-pressure steam 
heating system from America was utilized and a kind of hot- 
water heating (Perkins system) from England, with coils dis- 
tributed in a number of smaller warm air chambers at the bot- 
tom of the warm air flue and thereby doing away with lateral 
channels. 

These systems of "indirect" air heating by warm water or 
steam postponed, until the present, hot-air furnaces which now 
find more consideration. Warm water heating was introduced 
in the middle of the last century. The first heating by means 
of local radiators was used for heating greenhouses and for 
public offices and the better dwellings. The Perkins' heating 
system was displaced. As radiators, and separate sets of coil 
pipes came into use soon after, cast iron indirect radiators came 
into use. 

About 1880 two German engineers, Bechem and Post, intro- 
duced a new heating system that partly revolutionized the exist- 
ing central heating one and led to a new and active development. 
This system, known as the B and P, manifested itself first as 
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low-pressure steam heating with local radiators under thick 
mantels of felt (insulating covers). These insulating covers had 
an opening above and below, the upper provided with a slide. 
Often the mantels were furnished with fresh-air openings through 
the wall. For heating the room, the stream of warm air issuing 
from the top served to heat the room without the radiation being 
felt. The radiators had only one pipe connection from the steam 
generator which also took away the condensed water and re- 
turned it to the boiler. 

The inventors accomplished the two-fold purpose of using 
the generated steam to feed a low-pressure motor for electric 
illumination of the house and for heating. The insulation man- 
tels were to introduce the fresh air to the ascending warm-water 
heat and also to prevent any annoyance from the radiating heat. 
They, however, were found to be breeding places for all kinds 
of dirt, and the one-pipe system for conducting the steam did 
not suffice for more extended plants. The simultaneous employ- 
ment of the steam for producing electric energy and heat was 
without practical success. 

The principal legacy from this system is the open low-pres- 
sure steam heating system of similar construction to the warm- 
water heating, boilers, radiators with double connecting lines 
and open to the air. With the advent of the wholesale manu- 
facture of these materials after the American pattern, the activ- 
ity of the^ heating engineer was merged into that of heating con- 
tractor, who assembles the various parts of the plant of special 
manufactures and contents himself with the work of installation 
only. 

Large factories for the production of material for central heat- 
ing plants have arisen in Germany in which the general manu- 
facture of parts such as radiators and heating boilers predomi- 
nate. The larger manufacturers of these specialties have formed 
a general selling agency (Radiator syndicate) to maintain prices 
and market the goods which in 1912 disposed of about 1,250,000 sq. 
m. of finished radiators. The radiators scarcely differ from the 
well-known American model. The boilers have undergone a re- 
casting from the American model, suitable for firing with coke that 
prevails in Germany. Recently brown coal and peat as fuels 
are receiving considerable attention. 

The boiler manufacturers are busying themselves in design- 
ing special construction to burn slack and dirty coal with under- 
feed stokers of a kind very similar to those of Surell & Co., New 
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York. Brown coal in Germany is gaining increased use as 
briquettes, the effect of which in firing must be further studied. 
The former practice, to build boilers of not over 15 to 20 sq. m. 
heating surface for a hearth is abandoned for the introduction of 
large boilers of about 40 sq. m. or displaced by a chain of boilers 
in which the members are arranged in rows side by side which, 
individually of small hearth space, are expanded in combination 
to about 275 sq. m. The earlier customary grouping of a large 
number of smaller separate boilers near one another has de- 
creased. 

This is evidence of the fact that cast-iron boilers in Germany 
are carefully poured from the best material and reliably assem- 
bled so that a reserve in case of trouble from accident is not 
necessary. Similarly along this line of manufacturing, plants 
have opened up in Germany for turning out boiler fittings and 
have developed into large enterprises. The various fittings are 
classed as valves, cocks, conductors for condensed water, gen- 
eral fittings, etc. 

An especially lively constructive activity exists in the market 
for heat regulating apparatus which depends, in hot-water heat- 
ing mostly on the laws of heat expansion and in steam heating on 
the utilization of the increase in pressure. 

To summarize: The German central heating scheme prefers 
at present hot water and low-pressure steam heating for which 
there is available good construction and a technical fabrication 
of a high order. 

Hot air heating is little used in private dwellings. In munici- 
pal buildings, hot-air heating forced circulation with its gen- 
eral application of mechanical ventilators grows in favor. Pros- 
perous contractors as a rule, make long time arrangements on 
their special plants which serve to increase their output. For 
increased business, special rebates on the original price is offered. 
By this method the interest on the part of the contractor to 
increase as far as possible his yearly consumption of material 
and thus increase the output of the manufacturer. This refers 
especially to the private building industry where systemizing in 
the execution of central heating has become a rule. In this the 
open tank warm-water heating system is easily the most im- 
portant. The demands of the authorities- as to heating and ven- 
tilating public buildings have developed in different ways. The 
regulations for technical heating equipment limit themselves to 
simple heating or adequate means for heating and ventilating 
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according as the deciding authority agrees. The best and most 
widely known of municipal regulations is "The Directions for 
the Erecting and Manufacturing of Central Heating and Ven- 
tilating plants in Prussian State Buildings." 

In the technical part of these rules, a temperature of 22 deg. C. 
is indicated for hospitals ; 20 deg. C. for office and living rooms ; 
18 deg. C. for halls and assembly rooms and 10 to 18 deg. C. for 
other rooms according to their use. The calculation as to the 
change of air is stipulated per person and has to be 10 cu. m. in 
sleeping cells and in rooms for general imprisonment, 15 to 
22 cu. m. in single cells of prisoners; 20 cu. m. in congregating 
rooms; 10 to 15 cu. m. in school rooms, according to the age of 
the pupils. Halls and staircases should receive hourly from a 
half to a double change of air according to use. 

As to the need of ventilation in hospitals, the rules say nothing, 
but state that the "question in every individual case is to be con- 
sidered in connection with the construction of the institution." 
Where heat given off by inmates or by illumination is to be 
taken into consideration, a special computation for change of air 
is to be made. In water closets and other rooms, provision must 
be made to ventilate independently from the other rooms and 
for a five-fold or at least a three-fold change of air. 

The limits in the temperature outside for a complete change 
of air are further mentioned in these rules. Where special radia- 
tors for warming the fresh air are needed, the heaters in the 
rooms must be enlarged to provide the necessary heat. For 
estimating the heat loss in space the regulations stipulate in heat 
units, the loss which the enclosing walls suffer, according to the 
material and thickness of the walls, for 1 deg. difference in tern- 
perature and 1 sq. m. of surface. Besides for locations according 
to the compass and for the assumed method of heating, special 
additional provisions are to be made. In a formula, the rules 
give an example of "reckoning hourly heat losses" according to 
which these can be uniformly ascertained and recorded. The 
formula filled out is then attached to the bid in order to serve 
as a basis for a comparison of the different applications. 

This book, "Rules for Prussian State Buildings" goes on the 
hypothesis that contractors in working out a heating project 
with technically educated heating engineers, or as such them- 
selves, will endeavor to make the directions more definite so as 
to bring these estimates to a basis for comparison, — to make 
definite their details. In this way the competing firms are sad- 
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died with preliminary technical work which involves much trou- 
ble and expense without any certainty of receiving any com- 
pensating recompense. The Rules provide therefore in detailed 
terms for the possibility of earnest competitors being without 
recompense, after turning in their preliminary work, by author- 
izing a payment of between 2.8 and 1.7 per cent, of the estimate. 
In such a case the number of bidders is limited according to the 
extent of the project. 

On the other hand, city authorities have many times dis- 
tributed to their Board of Works their own ideas on their heat- 
ing contracts, with figures technically the outlines and then, 
make final plans and specifications; it is then awarded to the 
best bidder in public competition. This offers the local artisan 
and the small contractor a favorable opportunity to obtain large 
contracts. In other cases, it happens that the authority that 
decides the contract gives it to a contractor for a lump sum and 
leaves it to him to further let the stipulated heating contracts. 
In general the low bid as the deciding factor is more potent 
than good execution. • 

The German central heating industry at present ranks scien- 
tifically and technically high, but as regards economy and profit, 
the situation is less favorable because of the reckless competi- 
tion among the contractors. The fault lies with the exactions 
of industrial boundaries and the consequent lack of a practical, 
common interest among the professional, industrial and mechan- 
ical circles, which more and more strive for the taking over of 
the central heating business. The separation, now well advanced, 
between the matter of supplying material by organized special- 
izing plants and the erection of heating plants at definite places 
fosters this desire for contracting for which principally the pipe 
laying and joining continues with tools and grips the same as 
the erector for gas and water plants uses them. 

Against this stands the lifting of the heating and ventilating 
business to a technical science which found its development 
through Professor Rietschel, who to-day a large number have 
followed to the technical high school. The work of Rietschel 
began with the laying down of rules for estimating the neces- 
sary space to be heated and a general estimate of the local radia- 
tor surface and heat production to cover the estimated loss of 
heat. With special thoroughness the transportation of the heat- 
ing medium, water or steam, through a system of pipes was 
carried out by careful calculation, and formulas were established 
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by which to estimate the most favorable inner diameter of the 
pipe for the movements of a given quantity of heat through 
definite lengths. The labors of Rietschel were supported by the 
state building authorities of Prussia and at their suggestion were 
collected in a manual which found wide circulation. 

The fundamental work of Rietschel has received, in the edi- 
tion which followed quickly, a deserved expansion and appre- 
ciation. To the greater part of the central heating contractors 
in private buildings this is not of much value. They satisfy 
themselves with the original rules for estimating the heat losses 
by means of change of space. Special provisions for ventilating 
heated rooms are not required for heating dwellings and are 
also not reckoned. 

If the heating proposition is to be figured, the architect or 
building chief delivers the plans and indicates the rooms that 
are to be heated. Very often the location of the radiators in 
the various rooms is designated by the designers and the desired 
inside temperature indicated. The coldest outside temperature 
is put at — 20 deg. C. 

The work of heat technique begins with the surveying of the 
rooms with the estimation of the square space according to the 
kind of material and its strength. The estimated totals are 
tabulated. Further, the difference in temperature in front and 
back of the wall is multiplied by the value of the unit of heat 
loss (heat coefficient), according to Rietschel and the number 
obtained multiplied by the surface. The estimated loss of heat 
in heat units is entered in the column of the scheme and added 
after all the calculations for all the surfaces of the room made. 
To these heat losses are added definite things, among them 
something for change of air although the air circulates only nat- 
urally (ventilation by pores). This mode of reckoning assumes 
more persistence and reliability as well as special mathematical 
knowledge. 

With the estimation of the heat losses for a given heating 
outfit, the computing part of a bid on the technical side is set- 
tled. For the giving off of heat from local radiators fixed values 
referred to the surface unit are at hand and for estimating the 
diameter of the pipes tables are furnished which in growing 
numbers are to be obtained all ready printed and illustrated in 
many cases by examples. 

Of special prominence there are two pocket manuals : Kling- 
er's Calendar for Heating and Ventilating Technique, and Reek- 
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nagel's Calendar for Health Technique! This competition of 
almost all industrial classes for the awarding of central heating 
is made possible and easy by means of the uniform equipment, 
supplied by the manufacturers for open tank hot-water heating, 
or for low-pressure steam heating. 

This equipment consists of boilers, radiators and expansion 
vessels. In addition there is a draft regulator for the boiler, 
a regulating and stop valve for each radiator. The stop valve 
has, as a rule, a double valve cylinder. The cylinders are moved 
in and out by a spindle. When the testing of the system takes 
place, the entrance pressure in the respective radiators is equal- 
ized by the fundamental cylinder (steam dome) so that the 
heating medium passes through all the radiators at equal pres- 
sure. When this is accomplished, the main regulator is set 
while the automatic regulating remains movable by a lever or 
wheel in the circumference of a scale from "open" to "shut." 

This fundamental adjustment serves to equalize the unavoid- 
able difference in the motion of the heating medium caused by 
the grading down of the sides of the pipes for which only defi- 
nite pipe diameters are considered as they are bought on the 
market. 

The hot-water radiators receive, as a rule, a double stop-off 
valve. For low-pressure steam the radiators besides are mostly 
furnished with a damming valve in the conductor for the con- 
densed water. The condensing systems have, as a rule, besides 
the condensed water gauge a common ventilating duct which 
has an outlet to the open air or into a chimney. Ventilating con- 
duits are also, if possible, provided in hot-water heating with 
air dampers to regulate in case of necessity. 

In this method of construction the radiators in the low-pres- 
sure steam system are credited with the giving off heat of 700 
heat units. For low pressure warm water heating the radiators 
on the contrary give off only 450 heat units, or as the propo- 
sition is commonly stated "low-pressure steam needs only 3/5 
of the heating surface of warm water," together also with only 
3/5 of the material in diameter in radiators and connecting pipes. 
Viewed in this way low-pressure steam is a cheaper substitute 
for the formerly preferred warm water heating. 

Automatic vacuum heating which combines the advantages 
of warm water heating (general regulating and moderate heat- 
ing radiators) with the advantages of the low-pressure steam 
heating (quick action in heating and cooling) should for Ger-^ 
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many be the most advantageous mode of heating because of cli- 
matic conditions, but it is as good as unknown. With intelli- 
gent propaganda this method of heating, much used in America, 
must also find successful introduction into (icrmany. 

A special kind of warm-water heating has found in Germany 
and neighboring countries extensive use — kitchen range heat- 
ing. The plural family dwellings of large cities, which often 
offer shelter to thirty or more families, have contributed to this. 
The attempt was made to give these houses central warm-water 
heating (rarely low-pressure steam), this heating to be managed 
by the owner and the cost to be met by meters. From this point 
of view this way of heating does not differ much from the com- 
mon ones in equipment. The plan labors under the difficulty of 
a just apportionment of the heating cost through the want of 
proper controlling apparatus like gas and water measuring. 

Besides it is difficult to satisfy by means of such a clumsy 
central system, the demands for heat in the intervening time 
between fall and winter and from winter to spring. But by the 
heating obtained from the kitchen range in each separate apart- 
ment, the owner is relieved of the anxiety regarding the heat 
and the freedom arising from the fact that the tenant is master 
of his own system corresponds now with the progress of the 
times. Besides a kitchen range is always much to be preferred 
for hard fuel. 

The mechanical systematizing of the greater part of the central 
heating industry has manifestly found much opposition among 
the scientific contractors who see therein a hindrance to the 
progressive development of the heating profession. A defi- 
nite direction has been given to this in the aims of the union of 
the German Central Heating Manufacturers who particularly strive 
to raise the standard in the central heating business but 
also to demand and obtain a correspondingly higher recom- 
pense for the work preparatory to its execution. In 1898 promi- 
nent firms of the heating profession had formed an economic 
combination and established the union which then obtained 
numerous members. The union has amplified and made obliga- 
tory on its members the Prussian rules for figuring necessary 
heat. Further the union should be credited with the fact that 
the Prussian authorities decided upon partial recompense for 
the unsuccessful bidders and limited the number of competitors. 
The union also established standards for pipe and patterns which 
found acceptance with the authorities. 
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The experimental station established by Professor Rietschel 
in Charlottenburg for heating and ventilating was materially 
aided by the union. Its principal task — to bring into recogni- 
tion industrially improved heating and ventilating technique — 
has not been accomplished. It is doubtful whether this aim can 
be realized under the advancing separation, already mentioned, 
between the manufacturing plants and the installation contrac- 
tors. The desire to bring to fruition simultaneously the tech- 
nical ability of its members in planning and execution explains 
the discouraging attitude of the union towards the standing of 
the consulting engineers for heating and ventilating which has 
developed but little in Germany. 

Alongside this union there exists in Germany a ''free alliance 
of heating and ventilating experts" who assemble in a congress 
every two years in order to influence the improvement of heating 
and ventilating appliances in a technical, scientific and sanitary 
direction by communication of the results of investigations and 
by instruction in suitable execution. Neither alliance has suc- 
ceeded in forming the kernel of a technical association which 
should develop into a union such as the American Society of 
Heating and Ventilating Engineers. 

Alongside of the industrial aspect of the German heating and 
ventilating profession, there runs with marked delimitation the 
activity of the wholesale trade in heat technique. These activi- 
ties are taken care of by a staff of professional engineers who, 
in an advisory capacity, assist the building authorities to prepare 
for their projects, instructions of standard adaptation. 

The results would have been different if a comparative state- 
ment of the calculations were introduced which would be obliga- 
tory on the architects' union which at the same time has con- 
trol over the previously mentioned system of accounts which 
lies at the bottom of the bid. 

As things stand to-day the contractor is not relieved from 
supplementary charges if his work fulfills all calculated expec- 
tations yet is not sufficient to attain the prescribed room tem- 
peratures. There are no limits to the care necessary in building 
construction where loose windows and doors play a large role. 

Isolated steam heating plants for separated buildings or entire 
districts have been built with great expense, carefully executed 
as to technical detail and equipment. Recently, however, such 
plants have been arranged with hot water under pressure from 
pumps. Water under pressure has the advantage of overcoming 
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differences in surface levels in building localities better than 
steam which needs to rise. 

Opposed to the style of long distance heating with water, the 
proposition has recently gained favor whether it is not more 
economical to specify that the heat be transmitted in gas form, 
or in exceptional cases as electricity and there transformed into 
heat where it is needed. By this means the loss of heat, which 
is unavoidable in long distance heating, is done away with — a 
loss which is more sensitive depending on the location of the 
demand for heat as opposed to the capacity for which the dis- 
tributing pipes are calculated. Added to this is the loss which 
arises from the necessary accumulation of heat at the central 
plant, as opposed to the possible escape of gas at a reservoir 
which is small. 

The foregoing is supported by the utilization of manufac- 
tured or "industrial" gas, formed as a by-product in coke pro- 
duction which is now collected and distributed over wide 
stretches of territory at a low price. Efficient heat production 
for hot water or steam heating with gas firing will probably be 
a new project in Germany in the near future. 

In the realm of industrial heating plants for factories and the 
like, the application in Germany of blast heating increases, known 
for some time as Sturtevant heating. From this there develops 
simultaneously active inquiry for suitable blowers or ventila- 
tors with high efficiency. A committee of the Society of Ger- 
man Engineers last year, after years of labor, established rules 
for ventilators which are published in the journal of that Society, 
Vol. 56. No. 44. 

As a heating medium for blast heating the waste heat from 
gas and oil motors (Diesel) is being used, often also the water 
heat of these motors is used. A large plant for the principal 
work shop of a railroad requiring 3,394,000 units of heat exists 
where, as a heating medium for the coils of pipes of the blast 
heating, the heat of combustion of the generator gas is used 
directly. Of similar increasing interest there are found blasts 
for ventilating plants in spaciously designed buildings for 
schools, theatres, convention halls and athletic meets. The 
desire for a large velocity of air in a distributing system for ven- 
tilation increases and correspondingly the demand grows that 
these air currents be conducted into the rooms free of draft. For 
cleaning the air in Germany, filters made of fabric are still pre- 
ferred though air washers would be more suitable. 
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Construction and operation of blowers and their accessories 
for mechanical ventilating plants in factories, etc., find attentive 
consideration. The increasing cost of fuel compels one to bring 
to the highest possible development and utilization the attain- 
able heat contained in the fuel, but also to make the most 
sparing use of the heat developed. For these automatic regu- 
lators are introduced by means of which either the developed 
heat is apportioned out only to the extent which corresponds to 
the definite object, or the temperatures remain automatically at 
an established height in the warmed space. So far as heating 
dwellings is considered, the demand for an automatic heat regu- 
lator is furthered by the fundamental laws of health instruction. 
The Johnson apparatus for temperature control has been intro- 
duced. Reliable automatic regulators and all arrangements for 
isolated installation of regulators find a good market. 

In closing it should be remarked that the autogenous welding 
system is being increasingly introduced and proving its value as 
time saving and advantageous for repairing containers and for 
joining pipes in the installation of heating and ventilating plants. 
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CCCXLI 

REPORT OF COMMITTEE APPOINTED TO CONSIDER 

UNIFORM METHOD FOR TESTING HOUSE 

HEATING BOILERS 

In submitting the following report your committee realizes thai 
there are opportunities for differences in individual opinion. It 
is the hope that the members of the Society will offer helpful criti- 
cism and suggestion in writing to the end that a code for testing 
boilers will be evolved to meet general conditions. In this way 
your committee will obtain the most help, as we believe more good 
can be accomplished from the consideration of written suggestions 
than can be obtained by general discussion at this time. 

In taking up the work consideration was given to all matter which 
had been previously presented on the subject, but it was found that 
very little time or thought had been given to the question of boiler 
tests whereas a great deal of time had been given to the question 
of boiler ratings, although it has been generally recognized that some 
general standard for testing boilers should be adopted before any 
consideration could be given to the question of boiler ratings. 

Communications were addressed to various colleges and manu- 
facturers with a view of getting such information as was available 
from those sources, but it would seem from the replies received that 
very few of the colleges, if any, had established testing stations and 
but few of the boiler manufacturers. Some manufacturers were 
very willing to give such information as they had in their possession, 
while others had some hesitation in offering any information. 

If your committee understands the work laid out for it correctly 
it would appear that its recommendations should solely apply to a 
condition for test which has to do with the operation of a specific 
boiler under conditions approaching as nearly as possible those under 
which the boiler is to be installed. Therefore, the testing of the boiler 
for such results becomes a comparatively simple operation compared 
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with the generally accepted theory of boiler test that all relations of 
one part of the boiler to another should be taken into account, 
that is, ratio of heating surface to grate surface, proportion of direct 
surface to indirect surface, etc., etc. 

While it is of course possible in testing a boiler to take readings 
which will allow consideration of varying features of design, it is 
not intended that this report should deal with such refinement of 
laboratory tests as apply to design or to set forth a rigid form of 
test to be applied in all instances without variation. This report, 
therefore, will have to do with only those items which are essential 
in the proper rating of the boiler for commercial or sales purposes. 

It is recognized that conditions in individual testing stations may 
be such as to be more practical with one form of apparatus than with 
another, but it is our hope that we can submit a general plan which 
will cover the correct principles and will serve the needs in a prac- 
tical way. We shall therefore confine our remarks to a code for 
testing boilers which will have for a specific object the determination 
of the amount of steam which a boiler will furnish when burning a 
definite quantity of coal per hour for a given number of hours with- 
out attention to the fire, and under a fixed condition of draft tension. 
In other words, this code will cover what we believe to be perform- 
ance conditions. 

It should be borne in mind that a house-heating boiler is generally 
run under varying conditions. Therefore, any series of tests which 
are made should take this fact into account and it would seem that 
to obtain the proper working capacity of a boiler there should be at 
least three series of tests made on each. First, one series under 
maximum draft conditions burning the fuel out in as short a time as 
possible. Second, one so run as to burn out the fuel in a definite or 
fixed number of hours, as nearly as possible. Third, one with drafts 
regulated so that slow combustion rate shall maintain, this slow rate 
being such as to hold the fire the longest number of hours possible 
and yet maintain a constant evaporation. 

A sufficient number of tests should be made in each series so as to 
obtain repeated or confirmatory results. The average evaporation 
per pound of coal based on those tests the rates of which fall between 
6 and 10 hr. duration would in our opinion form a fair or safe aver- 
age on which to base the working power of the boiler under actual 
house-heating conditions. 

It is of course self-evident that tests with house-heating boilers 
are of necessity similar in many respects to tests such as are made 
with power boilers, and therefore to a large extent the methods em- 
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ployed in testing power boilers can be applied to house-heating boilers. 
In house-heating boilers conditions relating to attendance, cleanliness 
and method of operation are of prime importance. 

It has been the practice for many years for manufacturers of 
house-heating boilers to rate their boilers on their capacity expressed 
in square feet of direct radiation or its equivalent, as it is generally 
desired to estimate the amount of square feet in direct radiation or 
its equivalent that can be supplied continuously with steam without 
attention to the boiler for an extended period of time. It is evident 
that within certain limits the amount of water evaporated per pound 
of coal would not vary to any considerable extent and within these 
limits a definite amount of fuel consumed in a short period of time 
would serve more condensing surface than if the same amount of 
fuel were burned during a long period of time. 

It has seemed to the committee that in order to have a uniformity 
in the matter of codes, so far as possible, it would be wise to adopt 
the general scheme and arrangement as indicated by the American 
Society of Mechanical Engineers, and, therefore, reference will be 
made to the code of that society where our suggestions for code pre- 
cisely agree with the code of that society. 

APPARATUS AND INSTRUMENTS 

The apparatus and instruments used in testing should include the 
following : Feed water tanks calibrated or to be used in connection 
with weighing scales ; air pump, if water is to be fed by compressed 
air ; weighing scales for weighing fuel, ashes, etc. 

Differential (Ellison) draft gauges, at least three in number for 
measuring draft tension, in ashpit, over the fire and in the smoke 
pipe; 

Accurately calibrated thermometers for measuring temperature 
of escaping gases, feed water, and temperature of steam ; 

Steam separator for attachment to steam pipe, separator to be 
thoroughly covered with non-conducting material ; 

Blanket covering consisting of one-ply 2-lb. asbestos paper and 
1-in. hair felt which would make a desirable covering for the boiler. 

Gas analysis apparatus for determining composition of the flue 
gases (Orsat) ; 

Log sheets on which to keep accurate record of various readings. 

The use of the various instruments is very well set forth in the 
report of the Power Test Committee of the A.S.M.E. and it would 
seem needless to repeat same in this report. 
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RULES FOR CONDUCTING EVAPORATIVE TESTS 

Inasmuch as the object of the test is to ascertain the amount of 
water evaporated per pound of coal fired, all measurements and 
readings should be taken in such way as to give this result. 

The boiler should be set up connected to a suitable chimney flue. 

The boiler should be thoroughly boiled out with a solution of sal 
soda, potassium hydrate, or sodium hydrate and then thoroughly 
rinsed with clean water to remove any foreign matter. 

The piping should be connected in such a way that the steam may 
be carried to a point away from the boiler and piping arranged so 
that its condensation may not flow back to the boiler itself. 

The separator should be attached to the flow pipe and from the 
bottom of the separator a pipe should be connected in such a way as 
to form a water seal and with an open end so that surplus water may 
be conducted into a pail or barrel for weighing at completion of 
test. 

The piping should connect the calibrated water feeding tanks into 
the return of the boiler, with all necessary valves and connections, 
thermometer cups, etc. The water should be fed to the boiler con- 
tinuously from calibrated tanks, thus showing every pound of water 
that enters the boiler. 

Special care should be used in all readings. 

Where weighing tanks are used or water is fed by gravity extra 
precautions should be taken to avoid error in readings. 

Three draft gauges suggested as part of the equipment, should 
be used to determine pressure loss in the ashpit, pressure loss through 
the fuel, and pressure loss through the flues of the boiler. 

The steam pipe from the boiler should be left open to the atmos- 
phere so that the test can be carried on at atmospheric pressure, as 
we believe that running a boiler under pressure gives no more ac- 
curate results as regards capacity and efficiency than may be ob- 
tained by evaporating the water at atmospheric pressure. 

FUEL 

In order that proper comparison may be made between tests, it 
is recommended that anthracite coal, stove-sized, such as Lehigh 
Valley, be used. In this connection attention is directed to state- 
ments covered by the Power Test Committee of the A.S.M.E. 

STARTING 

It is recommended that a preliminary fire be made and the boiler 
run until such time as water in the boiler steams when the prelim- 
inary fire will be dumped, the ashpit thoroughly cleaned, and a fresh 
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quantity of wood placed on the grate and kindled. The test shall be 
considered as starting at the time of firing this second charge of 
wood. On this charge of wood shall be placed the coal, which, for 
measure of comparison, should be stove-sized anthracite. The wood 
shall be considered as having a heating value equal to 40 per cent, 
of that of an equal weight of coal. 

The weight and temperature of the water in the boiler at the start 
should be recorded. 

Against the boiler should be charged all of the fuel, including the 
last charge of wood, and at the end of the test the boiler is to be 
given credit for the unbumed fuel and the quantity of water fed to 
the boiler during the test, less any water thrown out in excess or a 
quantity represented by the condensation of the pipe and separator. 

If water is not brought to the steaming point at the beginning of . 
the test, credit is to be given to the boiler for the heat expended in 
heating the water contents of the boiler from the initial temperature 
to the boiling point at the atmospheric pressure at the time of the 
test. 

It is the opinion of the committee that the "running start" in use 
at many boiler testing plants is not practical in connection with the 
testing of house-heating boilers. The amount of fuel used in a test 
of a house-heating boiler is so small compared with the amount used 
in a power boiler that any slight error in calculating or estimating the 
condition of the fire at the end as compared with that at the start 
would lead to a large degree of error in the actual calculation of the 
results, for it will be conceded that in small house-heating boilers in 
burning from 10 to 50 lb. of coal an hour, 2 or 3 lb. of fuel would 
make quite a difference in the results, while it would be almost im- 
possible for the eye to determine such a small diflference. Further 
than this it would prevent tests from repeating, that is, in running a 
series of tests a sufficient number should be made so as to get con- 
firmatory results or until the results repeat very closely. 

It is of course to be expected that no two tests will be exactly 
alike, but within certain limits tests should be conducted until they 
confirm one another. If there is a great difference between tests 
it is undoubtedly a sign that either false readings have been made, 
chimney conditions are not right, or that mistake has been made in 
calculation. 

Readings should be taken at not to exceed 30-min. intervals, while 
draft and stack temperatures should be taken at 15-min. intervals. 

Gas analysis should be made at least every hour to get fair aver- 
age results. 
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STOPPING 

When the time set for the end of the test arrives the fire should 
be dumped or combustion stopped by some other method such as 
spraying the fire with water. The contents of the firepot when 
dumped should be placed in tightly covered cans where they may be 
left to cool. 

After cooling, the unburned coal and ash should be separated, 
the unburned coal weighed and deducted from the total quantity of 
fuel fed to the boiler. A proximate analysis of the coal should be 
made in order to determine its various constituents. 

The subjects, *Vecords," "sampling and drying coal," "ashes and 
refuse," "calorific test and analysis of coal," "analysis of flue gases," 
"smoke observations," "calculation of results," are all covered so 
clearly in the report of the Power Test Committee of the A.S.M.E. 
that we would refer to them without extending this report to quote 
them verbatim. 

While it is not within the definite instructions of this committee 
to suggest a method for determining ratings, yet it would seem only 
logical that there should be suggested a formula which shall include 
the elements or factors which go to make up the commercial rating, 
and we therefore suggest the acceptance of the following equation — 

First, where the boiler is to be used for house-heating work and is 
expected to maintain its capacity for a number of hours without 
attention- CXO,SXE 

= R 



T X 0.26 
Wherein C expresses the fuel carrying capacity of the boiler; E, 
the average evaporation per pound of coal based on those tests in 
which the duration rates fall between 6 and 10 hr. ; T, the time 
boiler is expected to operate without attention; /?, the rating in 
square feet of direct radiation or its equivalent (load on boiler) ; 0.8, 
the portion of the fuel which shall be considered as available for 
the time T; in other words, it shall be considered that 20 per cent, 
of the full fuel holding capacity will be a reserve on a rekindling 
charge unless otherwise stated by manufacturers. The term 0.25 
shown in the denominator, shall be considered as the amount of 
steam condensed per square foot of steam radiation per hour when 
standing in air at 70 deg. and with a temperature equivalent to 2 lb. 
gauge pressure at the boiler (sea level). 

Where boilers are installed under the care of a fireman and under 
constant attendance, C in the foregoing formula may be considered 
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as the amount of coal burned per hour — the 0.8 factor and factor T 
may be omitted, making the formula read — 

CXE 

= R 

0.26 
C in this case represents, as stated in the foregoing, coal per hour. 
E. A. May, Chairman F. L. Busey 

A. C. Edgar A. G. Cripps 

R.\LPH COLLAMORE 



DISCUSSION 

A Member: One point I would like to make in connection 
with this report, which I have also mentioned to Mr. May. I 
cannot reconcile the fact that these tests are to be run under a 
fixed condition of draft and also at a certain rate of combustion. 
It seems to me that one of these tests is entirely dependent upon 
the other. They state in their report that the rates of com- 
bustion should be free — fuel charge should be burned up in six 
to ten hours, and also that the tests should be run under fixed 
conditions of draft attention. I have made a good many of these 
tests and I find that when you change one condition the other 
is affected. Those two conditions are entirely dependent upon 
each other. It seems to me that while the measures of draft 
attention are very interesting as matters of record, what you 
are really after is to establish the rate of combustion and you 
can get just as accurate, just as dependable and just as valuable 
results without mentioning the draft attention at all. You can 
get all the practical information you want to get by taking the 
draft tests. 

Professor Kent: Mr. President, I cordially agree with what 
the last speaker has said. I suggest that before presenting the 
final report they have a series of tests made and I think they 
will have considerable diflficulty in carrying out their conclu- 
sions. 

Mr. Mackay: Under natural conditions of house heating boil- 
ers, where they run for a long time without attention, say eight 
hours, I have found the btst results were obtained by using a 
free burning coal, such as Lackawanna, while here we state 
Lehigh Valley, which is a harder coal and under conditions of 
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draft which might be obtained in a laboratory and perhaps not 
in the average house heating apparatus, my opinion is that we 
would be deceiving ourselves by making a short test on a strong 
draft of a hard quality of anthracite coal. In power boilers, 
such as the tests reported here, with firemen and a strong draft, 
they can use with good results the coal specified, but in my 
practice I recommend for fuel — that they use free burning anthra- 
cite coal, not a very hard coal that requires a strong draft to 
burn it. I think that the committee should take that into con- 
sideration in deciding that a boiler should be run six to ten 
hours without firing. 

Mr. Newport: The report says "approximate analysis of the 
coal should be made in order to determine its various constituents." 
I believe that an analysis of the unbumed fuel should also be made 
because that varies considerably from the fuel as fired. It does 
not show an exact result. 

Mr. Combers: You will recall that your Society and the 
American Society of Mechanical Engineers have been more or less 
in touch in the past to arrive at a basis of rating boilers by manu- 
facturers. They all have different ideas. We sent a communi- 
cation to your Society through Mr. Scott, calling your attention 
to the report of our Committee on Standardization, made at our 
last convention in Niagara Falls, and if you will bear with me I 
will read one paragraph, it is as follows : 

"First : That it shall not be necessary to fire the boiler more 
often than once in eight hours to carry its rated load continu- 
ously. 

"Second: That coal used shall contain not less than 12,000 
B.t.u. per pound of coal as fired. 

"Third : That boiler ratings shall be based on a condensation 
of .30 of a pound of steam per hour per square foot of direct cast 
iron radiating surface. 

"Fourth : That the area of the vertical smoke flue and its 
height shall be great enough to provide a sufficient draft. 

"We believe that if the makers will publish such tables as 
they will guarantee and back up, that we are putting the respon- 
sibility for the rating of the boilers directly on the manufacturers, 
where it belongs." 

In other words, make it possible for the ordinary steam heat- 
ing contractor throughout the country to pick up a catalogue 
and find there the rating of a boiler that he could use and say 
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it would do a certain amount of work if fired for eight hours. 
For some years our Association has been working along those 
lines. If your committee on this question would be kind enough 
to communicate with us we would be very glad to co-operate 
with them. 

Mr. Chew : The committee says, "In taking up the work con- 
sideration was given to all matters which had been previously 
presented on the subject." That covers the one point. It devotes 
itself to a code directly and specifically and after it has got all 
through its suggestions, it gives a portion of a page in its report 
to a suggested method of getting at a rating under the method 
they suggest. So I think what we have here is a code and it is 
a code to be tested out and wherever a man wants a rating and 
he is not satisfied with the rating given him he can use this 
method and we hope some day that the code will have a suf- 
ficient standing that it will accomplish a result. 

Mr. Donnelly: I think the most valuable thing about the 
rating to prove the code, and perhaps the use of the rating, 
and the use of the code, might be more quickly and better pro- 
moted by the incorporation of .this into a standard specification 
for house heating boilers. If the architects, the master steam 
fitters and the engineers could get together and agree on a 
standard specification for a house heating boiler, say what the 
boiler should be on the line of the specification, say of a hori- 
zontal tubular boiler such as the Hartford steam boiler and 
specify them capable of standing certain tests as to strength, 
capable of being cleaned, having a grate handling the fuel prop- 
erly, being passed by the Boiler Inspection Department if neces- 
sary, and lastly, capable of being tested by this code and receiv- 
ing its rating. That specification might specify a boiler with- 
out mentioning the name of any. It might specify a boiler 
having a certain rating under this code, and it seems that a 
standard specification of a cast iron boiler would at once com- 
bine all these things, bring them together, focused, so that if 
that specification came to be used at all, it would be absolutely 
necessary for boiler manufacturers, for contractors submitting 
figures under such a specification, to bring their boilers under 
agreement with the code and the rating. 

I would like to make a motion that we appoint a committee 
of five to co-operate with the master steamfitters, with the 
architects and with engineers in general to formulate a standard 
specification for cast-iron house heating boiler. 
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Mr. Davis : I infer from this report that the intention of the 
Committee is to formulate a code to test a boiler where there is 
a question of rating. At the present time there is no standard 
method of testing a boiler. Now, I infer from this committee's 
report that this is to be a standard method of testing a boiler 
where there is a question. I think it is meritorious. Something 
of that sort ought to be done. Mr. Donnelly's idea is all right 
as to a specification, but I think that a standard code to be 
known as the American Society of Heating and Ventilating Engi- 
neers' Code for Testing House Heating Boilers is of sufficient 
importance to be separated from the specification. A specifica- 
tion could include a clause that in case of a test the American 
Society of Heating and Ventilating Engineers code shall govern 
the test. 

There is one point that seems not particularly clear to me — 
the question of burning so many pounds per hour under certain 
draft conditions, I do not think goes far enough. We know 
under certain draft conditions you can burn 10 pounds of coal 
per hour per square foot of grate with a probable thermal effici- 
ency of 40 or 50 per cent., you can burn your charge of coal in 
so many hours, but the draft has a great effect on the efficiency. 

Mr. Barron : I suppose it has the approval of every member 
who has not given it much thought. You see my point of view on 
this boiler question — testing house heating boilers — is in con- 
formity with cast iron boiler work that we have done. We have 
with us this afternoon our friend Mr. Seward. I would like to 
hear his opinion on this report which has been submitted. I 
would like to put some boilermaker on record. 

Chairman Hale: We have a great deal to discuss this after- 
noon and a number of points to take up, but I believe it would 
be advantageous to hear from Mr. Seward if he is willing to 
make a remark or two. It is not compulsory. 

Mr. Seward : I did not have an opportunity to see or read 
this report before coming to the meeting but from listening to 
Mr. Chew and following his reading, I can see no objections 
and it looks to me like a very good report. 

Of course, in considering a matter of this kind, it is necessary 
to determine the angle from which you are going to approach 
the subject. The demand for house heating boilers is possibly 
not always accompanied by a desire for true operating efficiency, 
because if such was the case, the boiler manufacturers might be 
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building radically different boilers than they are to-day. I am 
of the opinion that the demand is almost entirely along commer- 
cial lines and in a great many cases the desire for high capacity 
in the individual boiler is much more insistent than the demand 
for operating efficiency. This is an entirely commercial and 
natural desire and in consequence, manufacturers of boilers build 
them high in capacity and if possible, low in cost of production. 
They could build boilers high in efficiency and more expensive in 
construction if the demand ran that way. It is a fact, however, 
whether fortunate or unfortunate, I do not know which, that 
house heating boilers are frequently sold by their capacity and 
without much regard to their efficiency. Therefore, it is very 
natural that a boiler manufacturer should have at least one boiler 
on his list that is high in capacity without regard to efficiency, 
low in cost of production, and apparently low in price at which 
it will sell, based on capacity only. 

A great many steamfitters — I won't say heating engineers — 
just steamfitters, seem to prefer that kind of boiler and as long 
as such is the case, there will always be manufacturers of boilers 
to supply their wants. I think this test code is the result of 
a desire upon the part of the steamfitter for some method of 
harmonizing the relations between boilers of different makes and 
design, so far as their rated capacity and price are concerned. 
Furthermore, I think that is the only reason existing for a test 
code of this kind, or probably for anything on the subject of 
boiler ratings. If engineers really desire anything at all, it is 
a uniform method for rating boilers and it is a good thing to 
keep in mind the difference between a method for rating and 
the rating itself. A few steamfitters are interested in boiler tests, 
but they would also like to have a uniform method for rating 
whereby they could determine the relative capacity of various 
competitive boilers. The method of rating the boiler, will of 
course, also determine its relative efficiency and if the method is 
uniform, the comparative results will be established. There is 
nothing, however, in the proposed test code to accomplish any- 
thing of this kind. It simply outlines a method of testing boilers 
which is very good, entirely practicable, very simple and will 
give all the results desired, providing you keep in mind that the 
information really needed about a house heating boiler at this 
time, is not its efficiency so much as its relative capacity. 

We desire knowledge as to how many feet of radiation a par- 
ticular boiler is capable of supplying under certain defined con- 
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ditions. This test code would give you all that information if 
conditions were definite but there is a joker in it because when 
you get through with your test, you will be unable to determine 
the relative capacity of two different boilers without first making 
the factor "T" uniform. That is the "nigger in the woodpile." 
Unless factor "T" is made uniform, we can accomplish nothing 
and will know no more about the subject of uniformity in meth- 
ods for boiler ratings than we did four or five years ago and 
will be no nearer its solution than we were then. 

Without making factor "T** uniform, the only point we will 
determine is the capacity of an individual boiler under certain 
conditions. The capacity of the fire pot in house heating boilers 
for holding coal, has a great deal to do with its capacity for 
supplying radiation and it will be found that the boiler that 
holds a large amount of coal, is rather free in its flue construc- 
tion and permits a rapid rate of combustion, will show a rela- 
tively high capacity when expressed in a limited number of 
hours during which the coal is to be burned. This is the whole 
thing in a nutshell. 

Unless an effort is made to have factor "T" uniform and 
standard under certain well defined conditions, I do not see how 
this Society or any other party, can accomplish very much. 

I used to think at one time, that there was a very keen desire 
on the part of our Society and others to arrive at some solution 
of this problem. I am inclined to think now there is no such 
desire. We are pretty well satisfied with things as they are and 
I believe that most of us think we are clever enough to get away 
with it. 

This boiler rating problem is a very mysterious thing. It 
enables a good many steamfitters who know a little more than 
their competitors to take advantages. Therefore, I very much 
question if there is a large desire on the part of the trade as a 
whole, for any uniform method of rating boilers. The subject 
is too commercial. 

Boilers can be built to suit almost any condition as to firing 
periods and price. 

I think this report, so far as it goes, is a most excellent one. 
It covers every point at issue with the exception of that little 
joker "T," and it is doubtful if that was a question which the 
Committee were expected to contend with. Therefore, they 
were justified in handling it the way they did. 
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Personally, I think the report should go upon our records as 
it represents a very distinct and definite advance along the lines 
we have been working, and while it accomplishes nothing so 
far as the desires of our members and the heating trade are 
concerned, it nevertheless helps to establish one fact, which is 
that house heating boilers are made and sold more by capacity 
than by efficiency. So long as this condition exists, the question 
is bound to be commercial rather than engineering. 
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REPORT OF COMMITTEE ON STANDARDIZATION OF 
THE USE OF THE PITOT TUBE 

Your committee offers the following report : 

For the theory of the Pitot tube and for the derivation of formu- 
lae, reference should be made to the Journal of the American So- 
ciety of Mechanical Engineers, Vol. 34, No. 9, September 1912. 
"Measurement of Air In Fan Work,*' by Chas. H. Treat; also dis- 
cussions in Vol. 35, No. 2, February 1, 1913, and Vol. 35, No. 9, 
September 1913, "Pitot Tube for Gas Measurement," by W. C. 
Rowse. A report of Special Committee on standardizing of tests, 
Vol. 34, No. 11, November 1912, pages 1830 to 1832. Power, Vol. 
37, No. 5, page 166, *'Use of Pitot Tube in Air Measurement,'* by 
Frank L. Busey. 

Pressure readings of 1 in. or less should be taken on an Ellison 
type differential draft gauge, graduated to at least hundredths of an 
inch, calibrated by a hook gauge. Readings over 1 in. should be 
taken either with an Ellison type gauge or with a U-tube graduated 
to at least tenths of an inch. Great care should be taken to have 
perfectly tight connections, especially on the static side. A slight 
loss of pressure here will cause a correspondingly high velocity 
pressure reading, and so will indicate too great a velocity. 

The reading should be taken at a cross section where the pipe is 
straight and the flow undisturbed. This should be preferably at 
least 10 diameters from the fan outlet, from an elbow, or from a 
change in cross section in the duct. This condition is difficult of 
attainment in many installations and where it can not be attained 
the average of the maximum practicable number of readings at the 
point farthest away from the outlet or obstruction should be taken. 
The readings should be taken over a plane at right angles to, and 
the tube should be pointed in a direction parallel to, the direction 
of the air flow. 
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Pressure readings can not be taken over the face of an outlet with 
a Pitot tube the same as is done with an anemometer, but by in- 
serting the tube in the pipe at the edge of the outlet with the tip of 
the tube pointed against the air flow, under the same conditions 
as illustrated in diagram A, a traverse of the pipe can be made at a 
point just before it reaches the outlet. 

The most difficult reading to take accurately in a current of air 
is the static pressure. The approved form of static tip shown by 
diagram B, is the form recommended for fan testing work. There 
should be 8 or more clean holes 0.02 in. in diameter, an equal num- 
ber on each side of a %'ir\. tube 1/32 in. thick. The most approved 




Approved Form of SUtic Tip "B" 
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Pitot Tube "Cr 



Method of iMing Pitot Tube 
•t Reffirter Opening* "A" 



.Method of making Pipe Tnvene "V 
STANDARD METHODS OF USING PITOT TUBK 

form of Pitot tube combines the foregoing static tip with an impact 
tube as shown by diagram C. by means of which total, static, or 
velocity pressure may be read. 

In making a traverse of a rectangular duct the cross sectional 
area may be divided into a number of smaller rectangles and a read- 
ing taken in the center of each small rectangle. 

A round pipe should be divided into at least three concentric 
zones of equal area per foot in diameter and four readings taken 
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on a circle drawn through the center of area of each zone or ring. 
That is, readings should be taken across the horizontal and vertical 
axis of the pipe as shown on diagram D. The location of these 
points from the center is shown together with the accompanying 
table, No. 1, which gives the distance from the center of the pipe to 
point of reading, expressed in per cent, of the pipe diameter. To 
get exact results a small pipe should be divided into more zones 
than a pipe of larger diameter as the ratio of frictional surface to 

TAiBLB I. PIPE TRAVERSE FOR PITOT TU©E READINGS 
Distance from Center of Pipe to Point of Reading In Percent, of Pipe Diameter 



No. of 
Equal 
Areas In 
Traverse 



No. of 
Read, 
ings 



iRt Ri 



2ndRt 



3rdRs 



4th R* 



5th Rg 



6tb Re 



7th R7 



bth R» 



12 


20.4 


35.3 


45.5 
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17.7 


30.5 


39.4 


46.6 
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15.5 


27.2 


35.3 


41.7 


47.4 
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14.5 
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32.3 


38.2 


43.3 


47.9 




28 


13.4 


23.1 


29.9 


35.3 


40.1 


44.3 


%8.2 


32 


12.5 


21.6 


28.0 


33.2 


37.6 


41.5 


45.1 



48.4 



cross sectional area is greater, hence the more static pressure hi 
proportion to the impact pressure, which correspondingly reduces 
the velocity pressure. 

The corresponding velocities for each of these readings should be 
determined and an average taken of all of these velocities in order 
to compute the air quantity. Inasmuch as the velocity varies as the 
square root of the pressure, accurate results cannot be obtained by 
averaging the pressure readings and taking the corresponding veloc- 
ity as the average. 

The velocity may be determined from the velocity pressure by 
use of the formula. 



V = 1096.5 



4 



P 
W 



V = velocity in ft. per min. 
p = pressure in in. of water. 

u) = weight of air in lb. per cu. ft. under the existing conditions of tem- 
perature, barometer and humidity. 
With dry air at 70 deg. and 29.92 in. barometer w = 0.0749 whence the 
formula becomes 
w = 4005 \/P~ 

With saturated air at 70 deg. and 29.92 in. barometer 
w"= 0.0735 and 
t, = 4046 y/T 
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Where approximate results only are desired. 

For circular pipe, multiply the velocity pressure taken at the 
center of the pipe by 0.81 or the velocity by 0.91. 

For rectangular pipe, no definite factor can be given which is 
even approximately correct that will cover the varying proportions 
of width to height of the cross sectional area of rectangular ducts. 

Table 2 gives corresponding velocities for various velocity pres- 
sures of dry air. 

Your committee recommends the Pitot tube as a simple and con- 
venient instrument for the measurement of air or gases, which, when 
used with the proper care and accuracy of reading, gives results 
with an error of less than lyi per cent, with velocity pressures 
ranging from 0.1 in. upwards. 

Respectfully submitted, 

J. I. Lyle, Chairman 



DISCUSSION 

Mr. Lyle: I would like to see considerable discussion espe- 
cially of the last page. There has been considerable difference 
of opinion among engineers who have used the Pitot tube regard- 
ing these factors for procuring approximate results with a cir- 
cular pipe taking simply one reading and calculating from that 
one reading. Another question that we find engineers who have 
been quite familiar with the Pitot tube, who use it a great deal, 
raise, is the question of its accuracy within a range of 1J4 per 
cent., especially on low velocities; at high velocities the results 
ought to be somewhat better. I hope we will have a complete 
discussion of those here who are familiar with the Pitot tube on 
this point. 

Dr. Hill: It appears to me that this should be placed in the 
hands of the members of this Society to clear up this interesting 
proposition. We have had a great deal of difficulty in getting 
our Pitot tubes to record anything near alike. I think a great 
many engineers are in the same boat. I can never feel safe 
when they are making readings with Pitot tubes. 

Mr. Busey: I think that is covered in the paragraph before 
table 1, which Mr. Lyle skipped. It gives there that reference to 
the figure where the different readings are to be taken, and that 
table gives the location in per cents, of the pipe diameter where 
the readings should be taken — ^that is, with a certain number of 
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equal areas in each pipe given in the first column, and the number 
of readings to be taken in the columns following that give the 
point where they should be located. A little inspection of that 
table will show the application of it. There is one sentence right 
above that table, to get exact results the pipe should be divided into 
more zones than pipe of large diameters, twelve-inch pipe would 
be divided into 12 zones and 24-inch pipe into six zones, but the 
relative area of those zones should be relatively smaller in the 
smaller pipe than in the larger one. There is another point I want 
to mention in regard to approximate results only being required. 
In engineering work it is sometimes found necessary or advisable 
to take but one reading but in my own work I do not do that ; 
I always try to get it as shown on the sketch ; then we are more 
reasonably sure of our results. 

Mr. Verner : There are being conducted at the University of 
Michigan tests as to the flow of air in straight ducts in order to 
determine the variation in the coefficient due to friction. I hope 
that Professor Allen or some of the other men who are inter- 
ested in the tests will present a paper in the near future. 
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REPORT OF COMMITTEE ON TESTS OF HEATING 
COILS UNDER FAN BLAST CONDITIONS AS CON- 
DUCTED AT INSTITUTE OF THERMAL RE- 
SEARCH, BUFFALO, N. Y., JULY 18, 1913. 

The members and guests of the American Society of Heating 
and Ventilating Engineers, assembled in Buffalo on July 17, 18 
and 19 at the time of the 1913 summer meeting, visited the Insti- 
tute of Thermal Research on July 18 and observed there a com- 
plete testing outfit set up and in operation for the purpose of 
testing pipe coils under fan blast conditions to determine their 
heat transmitting power. The pipe coils were approximately 6 
feet wide and 6 feet high and the pipes were spaced on 2^-in. 
centers. There were five 4-row sections of these coils set up in 
the heating chamber at the time these observations were made. 
The passage of the fresh air to the face of the coils was unob- 
structed, the fresh air chamber being 6 feet wide and 6 feet high. 
The air was drawn through the coils by a fan located about 18 
feet away. from the coils. The sheet metal connection from the 
face of the coils on the fan side tapered down in a 7-ft. length 
to a diameter of 36 inches. This 36-in. pipe was 7 feet long and 
connected with the conical piece attached to the fan inlet. 

The Pitot tube readings were taken over a cross section of 
this 36-in. pipe near the fan inlet and ^our calibrated thermom- 
eters measured the final temperature of the air at approximately 
this same cross section. The Pitot tube was of the American 
Blower Co. type and was connected with its standard manometer 
or U tube which was set in an inclined position to make the 
velocity pressure readings 10 times or 20 times as great as would 
be the vertical reading. A red oil having a specific gravity of 
0.833 was used in this U tube. These velocity pressure read- 
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ings were taken at 10 points each on 1 horizontal, 1 vertical and 
2 diagonal diameters of the 36-in. pipe at the same cross section. 
These points on these diameters represented the centers of area 
of concentric zones of equal area. The horizontal and vertical 
readings were taken twice in an hour and the readings on the 
diagonal diameters were also taken twice in an hour. The set of 
readings taken on the diagonal diameters followed in each case 15 
minutes later than the readings taken on the horizontal and ver- 
tical diameters. 

The tests in each case were of one hour duration. The enter- 
ing air temperature was taken on both sides of the fresh-air inlet 
connection, about 2 feet away from the face of the coils. These 
fresh-air thermometers were protected from radiant heat from 
the coils. The final temperature thermometers were located at 
a sufficient distance from the coils so that they were not affected 
by radiant heat. Steam was supplied to the coils at about 5 lb. 
pressure per square inch and the steam temperature observed 
as well as the temperature at the return pipe from each coil. 
The return header was dry but there was a mercury well and 
thermometer inserted in the wet-return line leaving the coils. 
This wet-return showed only from 1 to 3 degrees lower tempera- 
ture than the temperature of steam in the header supplying the 
coils. The condensation was maintained by an equalizing tank 
at a definite height during the test so as to keep the steam from 
blowing through into the return outlet running to the weighing 
barrels. By this equalizing tank, which was provided with a 
gauge glass and steam jacket, it was possible to start the test 
at a certain height of condensation in the tank, practically main- 
tain this height during the test and stop the test at the end of an 
hour at this same height. The condensation was cooled by means 
of a loop in the return pipe, which loop was surrounded with cold 
running water. The condensation was accurately weighed in 
barrels. 

Steam was generated in two cast-iron boilers at a pressure 
ranging from 9 to 18 lbs. gauge. These pressures were reduced 
at the coils to approximately 5 lbs. per square inch and the 
exact temperature of steam entering the coils was taken for 
each test. There was a steam separator on the high pressure 
line and another steam separator on the low pressure header so 
that approximately dry steam was supplied to the coils. Before 
starting a test the coils were found to be hot all over. 



Digitized by 



Google 



218 REPORT OF COMMFTTEE ON TESTS OF HEATING COILS. 

An Ellison draft gauge was used to measure the loss in pres- 
sure due to the friction of the air passing through the coils. 
The two ends of the draft gauge were connected to static pres- 
sure tubes, one of which was located on the fresh-air side of the 
coils, in the center and about 1 foot away from the face of the 
coils. The other static pressure tube was similarly located on 
the hot-air side of the coils. These static pressure tubes were 
so constructed that the pressure had to find its way edgewise 
through three thicknesses of wire gauze so that the static pres- 
sure readings could not possibly be aflFected by any air velocity 
movement. 

The fan was of the Conoidal type and was driven by a variable 
speed alternating current motor. The discharge piping from 
the fan outlet was provided with dampers, which, when adjusted 
in connection with a certain speed of the motor, would give any 
desired air volume handled by the fan and any desired velocity 
of air through the coils. The entire sheet metal work from the 
cold-air inlet to the fan was made air tight since the air was 
measured on the suction side of the fan. The entire heater 
casing was thoroughly insulated with blankets made of hair felt 
2 inches thick and bound within two covers of asbestos cloth. 
The 36-in. diameter round pipe in which the Pitot tube measure- 
ments were taken and the sheet steel connection between the 
36-in. pipe and the heater casing were similarly insulated in a 
most thorough manner. This insulation extended as far as the 
thermometers measuring the final temperature of the air. All 
the steam, return and bleeder headers, connections and piping at 
the coils were also thoroughly insulated with hair felt. 

The velocities of air through the coils were derived from the 
Pitot tube and manometer measurements and were also calcu- 
lated from the amount of condensation. The measured velocity 
averaged in the neighborhood of 6.65 per cent, lower than the 
velocity calculated from the condensation. Both of these velocity 
values were reduced to a standard of dry air at 70 deg. tempera- 
ture and 29.92 in barometer. The velocities derived from the 
condensation values were used as test results, since these results 
give the total amount of heat taken out of the steam and there- 
fore the maximum heating of the air. 

A series of similar tests had been conducted with various 
velocities of air through the coils and with various numbers of 
sections deep in the direction of the air flow. 
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The temperature of the air entering and leaving the heater 
— under conditions of varying air velocities through the coils, 
varying steam temperatures and varying number of sections 
deep — ^were plotted on a universal temperature chart which shows 
the value of these pipe coils in heating effect under any fan 
blast conditions. These values are clearly set forth in the paper 
on this subject read at the semi-annual meeting by L. C. Soule, 
who shows further that it is of prime importance to consider the 
friction of the air passing through the coils along with the teqj- 
perature raise desired. The velocity of the air through the coils 
is of secondary importance because in various makes of coils, 
the friction varies greatly even when the velocity is the same and 
the number of sections deep is the same. The engineer should 
determine the maximum friction he can allow through the coils 
and then make his selection and arrangement of coils to suit his 
requirements. 

Respectfully submitted, 

J. M. Stannard, Chairman. 
W. L. Bronaugh, 
L. C. Sour.E. 
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THERMAL TESTS OF HEATING BOILERS AT THE 
INSTITUTE OF THERMAL RESEARCH, BUF- 
FALO, NEW YORK. 

The members and guests of the Society attending the Sum- 
mer Meeting of 1913 at Buffalo, had the pleasure of a visit at 
the Institute of Thermal Research, and among the most inter- 
esting departments inspected was the boiler testing laboratory. 

A description of this laboratory, together with the methods 
pursued and results obtained in making the tests, should be of 
interest to the members that were unable to be present. 

The room is located at the rear of the building, being 25 x 62 
X 17 feet high, well lighted, and of fireproof construction. There 
are twelve chimneys of varying sizes and heights located along 
each side of the room, with facilities for higher extensions when 
necessary. 

The room is equipped with all the modern appliances for test- 
ing boilers, the arrangement of same being such that the manual 
labor is reduced to a minimum, recording apparatus being in- 
stalled wherever practical. 

METHOD OF TESTING STEAM BOH ERS 

See Fig. 1 

The feed-water is fed into the boiler by means of compressed 
air in a tank above the supply tank, this supply tank having a 
glass gauge extending from top to bottom of the tank. Along- 
side of the glass gauge is a scale representing pounds of water. 
By this means it is possible to tell at any period the rate of 
evaporation of the water in the boiler. 

The method of feeding the water to the boiler is as follows : — 
Cold water from the city mains is allowed to flow into the sup- 
ply tank until it has filled and as this water is under city water 
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Fig. I 
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pressure it forces the air up into the air tank, a pressure gauge 
on the air tank indicating the amount of air pressure thus 
formed. The city main cocks are then closed and the boiler 
feed cocks opened sufficiently to maintain a constant water line 
in the boiler to compensate for the loss of evaporation in the 
boiler under test. The rate of evaporation is hand controlled 
with the draft damper, check draft damper, etc., this rate being 
determined before starting the test. 

The temperature of the feed water is continuously taken with 
an electrical thermometer inserted in the feed pipe near the 
supply tank, and is automatically recorded in ink upon the paper 
chart in the recording instrument. 

The temperature of the steam leaving the boiler is taken con- 
tinuously and automatically by an electrical thermometer inserted 
in the flow pipe just above the top of the boiler, a constant run- 
ning record of the temperature of the steam being recorded on 
the chart of the recording instrument. 

The temperature of the flue gases is taken by means of an 
electrical recording pyrometer, and the flue gases are analyzed 
by a CO2 recorder. This instrument automatically and continu- 
ously draws in samples of the flue gases from the products of 
combustion, recording on a paper chart in the instrument the 
fluctuating percentages of carbon dioxide. 

The chimney draft in inches of water is automatically recorded 
on the paper chart of the recording draft gauge, while the tem- 
perature, pressure and humidity of the surrounding air is taken 
by a recording thermometer, barometer and hydrometer. The 
variations of atmospheric conditions may not be material, but as 
these variations affect the combustion of fuel, these observations 
are of value for deductions. 

All steam boiler tests are made at atmospheric pressure, the 
steam supply from the boiler being extended through an open- 
ing in the wall to the atmosphere. In order to avoid the possi- 
bility of water going out with the steam and being counted as 
water evaporated, a steam separator is inserted in the steam 
supply, the drip from the steam separator being provided with 
an open trap discharging into a pail. All of the water from this 
separator is weighed and charged back against the amount of 
water evaporated during the test. The steam supply and sepa- 
rator as well as the boiler is protected with an non-conducting 
covering so that the loss due to radiation from the pipes, boiler, 
etc., will be reduced to a minimum. 
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The calorific value of the fuel to be burned during a test is 
determined by the Emerson calorimetric bomb (see Fig. 2) and 
checked by the same sample being subjected to an ultimate 
analysis by a chemist in the Chemical Department of the Labora- 
tory, using Verband's formula. 




Fig. 2 

In running a test the temperature of the water in the boiler 
is first brought to the boiling point by a wood fire, after which 
this fire is dumped and a sufficient amount of oil soaked wood 
for igniting the coal is charged and ignited. The weight of this 
wood is taken and is usually estimated as four-tenths of the 
weight of an equal volume of hard coal. Coal is then fired as 
rapidly as it becomes ignited until the full charge is fired, this 
amount being determined and weighed before starting the test. 

At the end of the test the fire is dumped and partially extin- 
guished by water from a hose, after which it is discharged 
through an opening with a removable lid in the floor of the ash 
pit, through a metal chute to which an ash can is attached located 
in the basement. This can is then closed with a tight fitting lid 
and the residue is allowed to cool. After this has cooled, the ash 
is separated by means of a revolving ash separator and all slate 
and clinker, if any, is separated by hand, leaving the unburned 
fuel, all of which is carefully weighed. The weight of the total 
residue is taken from the original fuel as fired, the remainder 
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representing the weight of the combustible, which, multiplied 
by the calorific value per pound determines the total heat gen- 
erated during the run. 

The actual amount of coal burned during the test is arrived 
at by deducting the unburned fuel from the total fuel placed in 
the fire pot, while the amount of fuel burned per hour is obtained 
by dividing the total fuel burned by the number of hours cov- 
ered by the test. 

The total number of pounds of water evaporated during the 
test is multiplied by the factor of evaporation for the average 
temperature of the feed water, giving the total evaporation from 
and at 212 degrees Fahrenheit, and this amount divided by the 
number of pounds of fuel burned gives the evaporative power 
available per pound of fuel. 

The capacity of the boiler, in square feet of condensing sur- 
face based on two pounds pressure at the boiler developed dur- 
ing the test, is obtained by dividing the average evaj)oration from 
and at 212 degrees per hour by the factor of condensation .25. 

METHOD OF TESTING HOT WATER BOILERS 

The process of testing the capacity and efficiency of water 
boilers as it applies to fuel, etc., are identical with those followed 
when testing steam boilers. 

The return water is fed into the boiler by gravity from two 
tanks, located above the boiler, one supplied with hot water and 
one with cold, the quantity and temperature of which are con- 
trolled by valves in the pipes leading from these tanks. The 
temperature of the return water as fed is taken continuously by 
me^ns of an automatic recording thermometer. The tempera- 
ture of the flow water out of the boiler is similarly taken and 
recorded. (See Fig. 3). 

The flow water pipe is suspended over and discharges alter- 
nately into twin weighing buckets, each bucket after receiving 
an exact weight or quantity of water, automatically dumps into 
a tank beneath the floor. In doing so it tilts a chute that is 
suspended on trunnions over the buckets and beneath the mouth 
of the flow pipe, thus diverting the flow of water into the empty 
bucket. This action is registered on a mechanical counting 
machine, recording the quantity of water that has passed through 
the boiler under test. 

The capacity of the boiler is determined by the number of 
heat units that the water has absorbed in passing through the 
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boiler, reduced to an hourly basis and divided by 150, the hourly 
heat transmission of one square foot of average direct radiation. 

Regarding the method of rating boilers, the committee is of 
the opinion that in rating a house heating boiler on as long a 
firing period as eight hours, the rating should be based on the 
hour showing the lowest evaporation, and not on the average for 
the period. In some eight hour tests the evaporation shows a 
difference of 100 per cent, between the high and the low hour, 
and of over 40 per cent, between the low hour and the average 
for the eight hours. This difference is probably greater when 
the boiler is run by an inexperienced fireman, who is usually the 
house holder. We also believe that boiler tests should be con- 
ducted under the same conditions of firing as occurs under which 
the boiler is installed, — not start from a newly kindled fire, but 
from a reserve charge left from a former similar firing period. 

To arrive at the evaporative power per pound of fuel, the test 
should run through several firing periods, with the fire left in 
the same condition at the end of the test as it was at the begin- 
ning. 

Regarding the method of arriving at the evaporative power 
per pound of fuel, we are of the opinion that the method used 
would be correct only in case the calorific value of the unburned 
fuel was the same as was the fuel when fired, which is rarely 
the case. 

Respectfully submitted, 

Chas. F. Newport, 
E. F. Capron, 
H. M. Hart, 

Committee. 
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SEMI-ANNUAL MEETING, 1914 

First Day — Morning Session 

Thursday, July 9, 1914 

The meeting was called to order at ten o'clock a. m. by Presi- 
dent Lewis, a quorum being announced present by the Secretary. 

President Lewis : The President has to report that everyone 
in the Society did what the President asked him to do in a very 
friendly and efficient spirit. The effect of the President's re- 
quests will be manifest in the reports of the other officers. The 
President also outlined the program of entertainment for the 
ladies. 

President Lewis then read his address which was received with 
applause. 

President Lewis : The Secretary will now present his report. 

Secretary Blackmore reads report. 

Your present Secretary was appointed to and took charge of 
the office March 24th and since that date two ballots have gone 
to the members; one on April 20th regarding changes to the 
constitution. All the changes submitted to the members were 
approved excepting that one relating to balloting for new mem- 
bers. The form requiring the members to write yes or no after 
the name of a candidate on a ballot is now in force. 

The following new members were elected according to the 
ballot sent out May 1 and opened June 1. 



F. L. Austin H. C. Kimbrough 
B. A. Broom £. B. Langenberg 
D. I. Cooke H. R. Linn 
J. F. Cyphers J. L. Mover 
O. H. Fogg J. E. MacDonald 
H. S. Haley W. Mallis 

G. A. Henrich T. H. Monaghan 
J. J. Herlihy D. M. Myers 

Advanced from Associate, 
A. S. Armagnac and E. Vernon Hdll. 



R. W. NOLAND 

C. W. Petry 

A. F. Knowles (Associate) 

A. J. PuRCELL (Associate) 

E. L. Barnes (Junior) 
A. E. French (Junior) 

F. C. Helies (Junior) 
W. M. Larimer (Junior) 
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The new Year Book has been published and mailed to the 
members and this book contains the Constitution as amended by 
the last ballot, which was opened May 20th, and by vote of the 
Council the changes went into effect at once. Some of the 
names of the newly elected members who qualified at once we 
were able to include in the Year Book. 

While no general report can be made at the semi-annual meet- 
ing, it will undoubtedly interest you to know some comparative 
figures. 

Cash on hand July 1, 1913 $2,101.49 

Cash on hand July 1, 1914 3,216.47 

Receipts to July 1, 1913 4,014.00 

Expenditures July 1, 1913 3,151.00 

Receipts to July 1, 1914 4,110.35 

Expenditures July 1, 1914 3,617.14 

Dues outstanding 1,945.00 

Outstanding, fees and dues of unqualified members. . 60.00 

You will notice the item "unpaid dues" amounting to nearly 
two thousand dollars, which is too large a sum to be outstanding 
and the members who have not paid have been urgently requested 
to do so. 

Volume 18 of the Transactions which was paid for in April 
amounted to $1,510.27 while the Volume 17 which was the only 
one paid for in 1913, cost only $973.79. 

Your Secretary attended a convention of the Society for Pro- 
motion of Engineering Education at Princeton, June 24 to 27 
on the invitation of their secretary. Professor Norris of Ithaca. 
I was able to meet several of the professors from different engi- 
neering schools and I hope the visit will lead to a closer co-opera- 
tion between our Society and the different engineering schools 
throughout the country. 

Since January we have lost three of our members by death, 
namely, H. W. E. Muellenbach of Hamburg, Germany; W. A. 
Gates, Oklahoma City, Okla. ; F. L. Busey, Buffalo, N. Y. 

To the wives of each one of these, the Council, through the 
Secretary or President sent suitable acknowledgment. 
Respectfully submitted, 

J. J. Blackmore, Secretary. 

President Lewis: Perhaps in just listening to the Secretary's 
report you have not all grasped the gist of it, which is, that our 
financial affairs are in excellent condition. 
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I feel that the Secretary should be commended on the rapidity 
with which he secured the printing of the papers for this meet- 
ing. He has made a special effort to have them in the hands of 
the members prior to the meeting. 

If there is no objection, the Secretary's report will be received. 

We will now hear the report of the Treasurer. 



TREASURER S REPORT 

Mr. J. A. Donnelly, Treasurer, made a verbal report as fol- 
lows: 

There is no report due, I think, from the Treasurer. The 
amount of money on hand has been reported by the Secretary. 
In regard to dues coming in slowly, I believe that if you have 
good papers, and if you have a Society worth while, you will 
get the dues in quickly. If the organization is producing some- 
thing that gives to the members more than value received for 
their money, the dues will come in. I belong to a number of 
engineering organizations. In most of them the dues come in 
slowly. Why? Because the men do not value their member- 
ship very highly, and do not attend many of the meetings. They 
neither give nor receive much of value. Let us present good 
papers so that our members will feel that they are losing a great 
deal if they give up membership in the organization, and then 
you will get your dues in promptly as soon as you send out your 
bills. If the papers are not sent out in advance of the meeting, 
if they are of indifferent quality and dp not contain much of 
useful information ; if your volumes of Proceedings are largely 
old straw thrashed over, then your dues will come in very, very 
slowly. 

Give something to the members that is worth ten or twenty 
dollars, and then you will have no trouble in getting the ten 
dollars, and no man will want to be dropped for non-payment 
of dues. We want to add a little "to our prestige. I am not in 
favor of harsh methods of forcing members to pay up. I do not 
believe in trying to bring undue pressure on delinquents. A 
man may pay his dues under such circumstances, but next year 
he will drop out because he doesn't like the prpcess. 

President Lewis: There is no report from the Council. As 
Chairman of the Council I will say that we have had several 
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meetings and are operating in perfect harmony. We trust by 
the end of the year to show some results of oiir efforts and to 
have good papers along the lines suggested by Mr. Donnelly. 
In connection with the lamentable death of a number of our 
members, I wish to read a letter I received from Mrs. Busey. 
We particularly feel the death of Mr. Busey, who was one of 
our best workers. He delivered a paper before the New York 
Chapter last winter which received such favorable comments 
that it was the wish of the Council that he be invited to present 
that paper at the Annual Meeting next January. He asked for 
time to revise the paper and to elaborate it by various cuts that 
he wished to show with it. The following letter was received by 
your President from Mrs. Busey: 

"July 5, 1914. 

Mr. S. R. Lewis, 
Chicago, 111. 

Dear Sir : 

I wish to thank you for your deep sympathy at the time of the 
death of my dear husband. Your Society has lost one of its 
most enthusiastic members. Last February Mr. Busey gave a 
lecture on fans before the New York Chapter of the Society, 
similar to the one given in Chicago in April. While in New York 
some of the Committee asked him to prepare a paper for the 
Annual Meeting along the same lines. He thought best to work 
on it at spare moments while the data was fresh in his mind. He 
finished it just before his illness. I have the paper here, together 
with the lantern slides. If you care to have it J will be glad to 
send it to you. 

I trust the Society will have as pleasant and profitable a 
meeting as we had in Buffalo last summer. 

Sincerely, 

(Mrs.) Lillian M. Busey, 
201 W. Green Street, 

Urbana, 111." 

I think that was a very nice thing for Mrs. Busey to do. It 
seemed to me that it would be a rather fitting memorial to Mr. 
Busey to have that paper presented at the Annual Meeting, so I 
wrote this letter to her: 
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"Chicago, 111., July 6, 1914. 
Mrs. Lillian M. Busey, 

201 W. Green Street, Urbana, III. 
My dear Mrs. Busey: 

This is to thank you for your letter of July 6th and to accept 
in behalf of the Society your kind offer of Mr. Busey's paper and 
slides. I think I can assure you that a special feature will be 
made of this paper and its presentation at the Annual Meeting 
in New York next January as a memorial to Mr. Busey. 

I think very likely resolutions will be passed at the coming 
meeting, of which you will receive a copy. 

Permit me to thank you for your interest and kind wishes. 

Yours very truly^ 

S. R. Lewis." 

I think no special action is required on the matter. 

I believe the next thing we should consider on the program is 
reports of various Chapters. Have we such reports ? 

The Secretary read reports from the Illinois, New York and 
Massachusetts Chapters. 

ILLINOIS CHAPTER. 

The Illinois Chapter does not hold meetings between May and 
October. 

The year 1913-1914 has been one of the most instructive and 
satisfactory years since the existence of the Chapter. The idea 
suggested by the Board of Governors of the debating the rela- 
tive merits of competing methods of accomplishing certain re- 
sults, was a most happy thought and stirred up quite a little 
interest. 

It has always been the practice of this Chapter to devote at 
least two meetings to so-called open meetings wherein we would 
invite outside talent to participate and to have as our guests, 
those particularly interested in the topic under discussion. 

At our October, 1913, meeting the following officers were 
elected : 

President, H. M. Hart. 

Vice-President, C. F. Newport. 

Secretary, W. L. Bronaugh. 

Treasurer, August Kehm. 
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The topic of the November meeting, was a debate on the rela- 
tive merits of "Upward Method of Ventilation vs. Downward 
Method of Ventilation/' 

At the December meeting we considered the relative merits of 
"Forced Circulation of Hot Water vs. Direct Steam Vacuum 
Heating for Industrial Plants." 

The January meeting was assigned to the consideration of the 
merits of '*Hot Blast vs. Direct Steam Heating for Factory 
Purposes." 

Our February meeting was for the purpose of receiving a 
report from the Chicago Ventilation Commission, the Chapter 
having three members on this Commission. The Chapter enter- 
tained several members of the Board of Education and the entire 
Ventilation Commission at dinner, — and after dinner, those pres- 
ent visited the Chicago Normal School for the purpose of seeing 
what Mr. Shepard and the Commission had been doing with their 
tests. It was pleasing to note that they were accomplishing 
considerable and getting nearer to some conclusions. 

Dr. Hill demonstrated to the Chapter, the method employed 
by the Health Department in taking air samples and testing for 
proper ventilation. 

The suggestions of Mr. Shepard, as to constructive details of 
buildings adaptable for proper ventilation for school jobs was 
discussed. The meeting was a most instructive one. 

At our March meeting it was our pleasure to elect to mem- 
bership : 

Clinton E. Beery, Rockford, Illinois ; 

J. F. Tuttle, Chicago, Illinois; 

Wm. H. Chenoweth, Chicago, Illinois ; 

C. C. Cheyney, Chicago, Illinois; 
all members of the Parent Body. 

The topic discussed was one particularly interesting to all 
members of the Chapter, which was the relative merits of "Hot 
Water vs. Modulated Steam for House Heating Purposes" — it 
being interpreted that modulated steam would also include vapor 
heating. This topic brought forth a more generous discussion 
than any topic yet presented to the Chapter. Practically every 
one present indulged in the discussion. 

The April meeting was a discussion of "Air Washers" and 
the Committee selected its particular discussion from standard 
methods of testing washers. This topic and the work done by 
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this Committee is the basis of the paper presented at this Semi- 
Annual meeting, by Mr. Stacey. A number of lantern slides 
were used in illustration. 

After this topic was presented, Mr. Frank Busey of Buffalo, 
N. Y., gave a historical sketch of the development of the cen- 
trifugal fan, illustrating this with lantern slides. 

The Chapter used the question box to a limited extent, and 
one of the questions asked, suggested the topic discussed at the 
May meeting, — that is, the smoke situation, and the Chapter 
entertained as its guests, three members of the Chicago Smoke 
Department. Mr. E. A. May discussed "Chimney Drafts'' for 
power and heating purposes, also the proper method of firing, 
and the allowances required by the Chicago Smoke Department, 
which suggested the topic of Mr. Widdicombe's paper. 

The Chapter has contributed further, in a financial way, to 
the up-keep of the Chicago Ventilation Commission, to enable 
them to conduct tests, and this Commission is about ready to 
publish and distribute preliminary report of its conclusions. 

Financially, the Chapter is in good condition, and we are 
anticipating another instructive year. 

Respectfully submitted, 

W. L. Bronaugh, Secretary. 



NEW YORK CHAPTER 

As Secretary of the New York Chapter of the Society, I take 
pleasure in reporting upon the year's work of the Chapter as 
follows : 

The Constitution of the Chapter was changed in a number of 
minor clauses, the principal one being that the annual meeting 
is now held in April instead of October. This makes the pres- 
ent year a short one — of but six months. 

The monthly meetings of the Chapter have been fairly well 
attended, the topics discussed at the meetings being: 

Vacuum vs. Vapor Heating. 

Control of Atmospheric Conditions in Printing Establishments. 

Fan Selection. 

School House Heating and Ventilating. 

As usual, a committee was appointed to take charge of the 
entertainment features at the annual meeting of the Society in 
January. 
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The financial condition of the Chapter is in very fair shape, 
the Treasurer having a good working balance to start the next 
year with. 

The membership of the Chapter totals 72 as against last 
October — 78. We have lost 5 members by resignation, and 
there have been 3 dropped for non-payment of dues. There 
have been 2 new members elected. 

Respectfully submitted, 

W. F. GooDNOw, Secretary. 



MASSACHUSETTS CHAPTER 
OFFICERS : 

President — J. W. H. Myrick, 53 Devonshire Street, Boston. 

Vice-President— Charles F. Eveleth, 120 Boylston Street, Bos- 
ton. 

Secretary — Frank Irving Cooper, 33 Cornhill, Boston. 

Treasurer — William T. Smallman, 52 Sudbury Street, Boston. 

Board of Governors — Albert B. Franklin, Charles Morrison, 
H. W. Whitten. 

The Chapter has held regular monthly meetings which have 
been well attended. These meetings have usually been addressed 
by guests notable in their several occupations. 

The Chapter decided, as a body, to oppose the bills before the 
Massachusetts Legislature, proposing that the ventilation of 
school buildings be placed under the State Board of Health. 
President Myrick was delegated to carry out the wishes of the 
Chapter. 

While it would seem that State Boards of Health or Educa- 
tion should have the control of the planning of school buildings 
such control has not proved satisfactory in Massachusetts under 
a previous administration, largely through the lack of interest 
manifested by the officers in control. 

The bills were defeated. 

The Chapter has had a marked increase in membership 
although its list of 1913 members was depleted through the resig- 
nation of Joseph A. Moore, George Huey and Alfred E. Kenrick. 
The name of David E. Boyden was dropped for non-payment of 
dues. All other members are in good standing and the mem- 
bership stands as follows: 
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LIST OF MEMBERS 

Frank I. Cooper, J. W. H. Myrick, 

Charles F. Eveleth, Andrew G. Paul, 

Robert L. Folsom, S. H. Pool, 

Albert B. Franklin, William T. Smallman, 

William N. McKenna, William G. Snow, 

T. F. McCoy, E. R. Stone, 

Francis H. Morgan, W. W. Underbill, 

Charles Morrison, H. W. Whitten. 

J. William Muldowney, 

Frank Irving Cooper, Secretary. 
President Lewis: If there is no objection the reports of the 
various Chapters will be received. 

Secretary Blackmore stated that owing to the fact that the 
Chapter years beg^n in October and end in May, these reports 
are to be considered as annual reports of the Chapters and the 
Chapters will not report hereafter at the Annual Meeting. 

President Lewis : We will now listen to the Reports of Spe- 
cial Committees, first being that on "Heat Transmission of Direct 
Radiators." Mr. J. A. Donnelly, Chairman, New York. 

Mr. J. A. Donnelly : I have heard some one say that when a 
man starts making tests it is with the idea of proving something. 
If that is so then it will be hard work to have a committee, be- 
cause I do not start out to try to prove anything, but simply to 
ascertain facts without making deductions in advance. 

The title as given in the program of this paper is somewhat 
misleading. The tests were for the purpose of searching out some 
possible method of testing as between radiators and air at com- 
paratively low differences in temperature, not merely tests on 
direct radiators. Owing to the nature of the tests it is also pos- 
sible to get a little data on the small convertor which may give 
a little useful information. 

(Mr. Donnelly then read his report.) 

President Lewis : Mr. Donnelly's paper is before you for dis- 
cussion. 

The report was dicussed by Prof. Allen. Mr. Carrier, Mr. Hart, 
Mr. Lewis and Mr. Blackmore. 

President Lewis : The next item on the program is "Reducing 
Fire Risk in Blower Systems Used for Heating and Ventilating," 
Mr. A. M. Feldman, Chairman. The Committee of the National 
Fire Protection Association composed partly of members of our 
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Society drew up the requirements which were so interesting and 
seemed to the Council so valuable, that we asked them to serve 
as a Committee of our own body in order that we might have 
their findings in our transactions. Mr. Blackmore will read that 
report. 

Mr. Blackmore read the report and it was discussed by Mr. 
Hart, Mr. Donnelly, Mr. Lewis and Mr. Blackmore. 

President Lewis : The next order of business is "Co-operation 
with Other Societies Readopting a Standard for Flanges," C. 
R. Bradbury, Chairman. Mr. Secretary, is that a long report? 
If not, let us have it. 

The Secretary read the report, as follows : 

Washington, D. C, May 7, 1914. 
The American Society of Heating and Ventilating Engineers. 
Gentlemen : 

In accordance with the request of the President of the Society, 
I attended, as your representative, the conference called by the 
National Association of Master Steam and Hot Water Fitters 
held at the Raleigh Hotel, Washington, D. C, March 7, 1914, to 
consider the subject of the universal adoption of a standard for 
flanged fittings and flanges and have the honor to submit the 
following report : 

The following societies were represented at the conference : 

The American Society of Mechanical Engineers. 

American Society of Heating and Ventilating Engineers. 

National Association of Master Steam and Hot Water Fitters. 

Committee of Manufacturers on Standardization of Fittings 
and Valves. 

American Water Works Association. 

New England Water Works Association. 

Associated Factory Mutual Fire Insurance Companies. 

Underwriters' Laboratories, Inc. 

United States Bureau of Standards. 

Supervising Architect's Office, U. S. Treasury Department. 

United States War Department. 

United States Navy Department and the United States Com- 
merce Department. 

Mr. Edward B. Denny, President of the National Association 
of Master Steam and Hot Water Fitters, called the conference to 
order at 10 o'clock and after the roll call, presented a brief his- 
tory of the movement for the standardization of flanged fittings. 
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After the opening statement by Mr. Denny, Dr. S. W. Strat- 
ton, Director of the U. S. Bureau of Standards, was nominated 
chairman of the conference and unanimously elected. 

The differences between "The 1912 U. S. Standard" adopted by 
the American Society of Mechanical Engineers, the National Asso- 
ciation of Master Steam and Hot Water Fitters and the American 
Society of Heating and Ventilating Engineers and the "American" 
standard adopted by the Manufacturers Committee were taken up 
and fully discussed. 

At the beginning of the conference an understanding was 
reached that any vote taken was to be considered only as an 
expression of opinion of those present and not binding upon the 
departments or associations which were represented. 

Nearly all the differences in the schedules were finally adjusted 
by unanimous consent. 

It was arranged, however, at the Washington Conference, that 
the committees of the American Society of the Mechanical Engi- 
neers, the National Association of Master Steam and Hot Water 
Fitters, and the Manufacturers Committee should meet in New 
York City within sixty days and settle several technical ques- 
tions and put the new standard in complete form. 

The Washington Conference was in session until about 5 :30 
p. m. with only a short intermission for luncheon. 

The result of the Washington Conference of March 7th and 
the New York Conference of March 20th is the production of a 
new schedule for Standard and Extra Heavy Flanged Fittings 
to be effective January 1, 1915. 

All questions in connection with the new standard were set- 
tled practically unanimously except the name. 

The question of name for the new standard is to be decided by 
letter ballot and will undoubtedly be announced before the meet- 
ing of this Society. 

The new 1915 Standard is practically the same as the 1914 
"American" Standard except that short body patterns for both 
standard and extra heavy weight fittings below and including 
sixteen inch, have been eliminated to insure interchangeability. 
and the larger extra heavy fittings are to have nominal size ports 
instead of ports ^-inch smaller than nominal. 

I strongly recommend the adoption of the new 1915 Standard 
by the American Society of Heating and Ventilating Engineers. 

Mr. Nelson S. Thompson, who was appointed as a representa- 
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tive of this Society to the conference was not able to attend on 
account of pressure of business, but concurs in the above recom- 
mendation relative to the adoption of the new Standard by the 
Society. 

I am sending herewith for the files of the Society, a copy of 
transcript of the minutes of the -Washington Conference held 
March 7, 1914; also letters relative to the meeting held in New 
York City on March 20th, 1914, from Mr. Henry C. Stott, Chair- 
man of the Committee of the American Society of Mechanical 
Engineers, Mr. A. M. Houser, Chairman of the Committee of 
Manufacturers, and Mr. Henry B. Combers, Secretary of the 
National Association of Master Steam and Hot Water Fitters. 

Respectfully submitted, 

C. R. Bradbi'ry. 

President Lewis : While I have not had any conference with 
members of the Council with reference to this report, I think it 
is extremely questionable whether we should adopt the recom- 
mendations at this meeting. I would like to hear from any of 
the members with reference to this. I suggest that we merely 
receive the Report of the Committee, and if there are no objec- 
tions that will be the order. 

There were no objections, and it was so ordered. 

President Lewis: Next is report of Special Committee on 
"Co-operation with Educational Committee of National District 
Heating Association," E. F. Capron, Chairman. 

The Secretary read the report, as follows: 

I herewith submit a copy of the report of the Educational 
Committee as presented at the Sixth Annual Convention of the 
National District Heating Association, held at Rochester, New 
York, May 26th to 29th, 1914, which report should be read at the 
summer meeting of the American Society of Heating and Ven- 
tilating Engineers. I would suggest that the report be submitted 
to the publication committee for their inspection as to whether 
any or all of this report should be printed and embodied in the 
minutes of our meeting. 

This committee should be dismissed at this time and reap- 
pointed if a like committee is appointed from the National Dis- 
trict Heating Association. 

E. F. Capron. 
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Secretary Blackmore : The report is published by the National 
District Heating Association in pamphlet form. The Secretary 
will read it if it is your pleasure. 

President Lewis: If there is no objection, the Report will be 
submitted to the Educational Committee of the Council, and if 
they deem best, it will be published in our transactions without 
reading it. 

Mr. H. M. Hart: Will we all get copies of it? 

Secretary Blackmore: We could hardly ask them to send us 
a sufficient number of copies to supply all of our members. They 
did send enough for the members of the Council and the Educa- 
tional Committee. 

The Executive Committee by the advice of the Publication 
Committee decided to print in the transactions only Appendix 
C of the report, "Test of a Low Pressure Steam Vegetable 
Cooker." 

President Lewis : The next in order is Report of Special Com- 
mittee on "Chimneys and Their Effect on Heating and Ventilat- 
ing Apparatus," Robert Widdicombe, Chairman. Have you 
heard from Mr. Widdicombe? 

Secretary Blackmore: I have just had a letter from Mr. Wid- 
dicombe stating that he does not feel that the report has been 
brought up to the point where it can be presented to the Society 
in the way that he would like to have it presented ; and he asks 
for more time to present it at the Annual Meeting. 

President Lewis: I believe that the Committee is entitled to 
more time. I have consulted with them, and I believe they will 
have a valuable report ; so, if there is no objection, this subject 
will be continued for presentation at the Annual Meeting. 

Next in order is the Report of Special Committee on "Progress 
in Heating and Ventilating of Industrial Buildings," E. L. Hogan, 
Chairman. I have Mr. Hogan's report. He stated that we might 
use the report at this time if we desired, but that he would prefer 
if possible to give it at the Annual Meeting. Next is Report of 
Special Committee, "For Standardizing a Method of Testing Air 
Washers," A. E. Stacey, Jr., Chairman. 

(Mr. Stacey read the report.) 

The report was discussed by Mr. Luehrs, Mr. Tait, Mr. Brae- 
mer, Mr. Hart, Mr. Carrier, Mr. Lyle, Mr. Lewis, Mr. Weinshank, 
and Mr. Blackmore after which the committee was continued to 
make a final report at the annual meeting. 
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President Lewis: Unless there is objection we will now ad- 
journ until two o'clock this afternoon when we will proceed with 
the Report of the Committee on "Model Compulsory Ventila- 
tion Law." 

The session adjourned at 12 :45 p. m. 

Second Session — Thursday Afternoon, June 9 

Meeting was called to order at 2:16, President Lewis in the 
Chair. 

President Lewis: There is a quorum present, and we will 
proceed with the report of the special committee on "Model Com- 
pulsory Ventilation Law," Prof. J. D. Hoffman, Chairman. 

Prof. Hoffman: Your Committee was in almost continuous 
session for two days and two evenings, and submits a report 
which of course is a preliminary report on the subject until the 
January meeting next. This report fills nearly ten pages. I 
would like to inquire if you wish to have it read in its entirety? 

President Lewis: My personal feeling is that it should be 
read in its entirety, in order that the fullest possible number of 
suggestions may be received here for the benefit of the Commit- 
tee; however, if there is any dissenting opinion we will be very 
glad to have it read by abstract. The sense of the meeting 
seems to be that it should be read in full. 

Professor Hoffman accordingly read the report in full. 

The report was discussed by Mr. Lewis, Mr. Weinshank, Mr. 
Chapman, Mr. Tait, Mr. Lyle and Prof. Allen, after which it was 
referred back to the committee for final report at the annual 
meeting. 

President Lewis : We had the very great pleasure and honor 
two years ago of electing a distinguished gentleman as President 
of this Society. He was not able to preside at our meetings 
because he was abroad. 

It would give us a great deal of pleasure if Professor John R. 
Allen would assume the Chair and let us have the benefit of his 
supervision for the balance of this session. 

Professor John R. Allen took the Chair, and presided for the 
remainder of this session. 

Chairman Allen: I want to say that this strikes me like a 
cyclone out of a clear sky. I thought I was occupying a very 
inconspicuous position in the . audience, and hoped to remain 
there. I certainly am very glad to have the opportunity of 
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taking up some of the duties that I was expected to take up when 
I was elected as President. It was a source of great regret to 
me in not being able to assume the office of President of this 
Society, but conditions made it impossible for me to do so. As 
a matter of fact, when I was elected President I only expected 
to stay in Constantinople for one year; but owing to war condi- 
tions existing there, and also to the fact that construction work 
is very much slower in that country than it is in this, my work 
did not go along as fast as I expected it would, and it was neces- 
sary for me to stay there two years instead of one. Really, I 
was lucky to get away in two years. Conditions there are very 
different from those here. When you asked for a building per- 
mit under the old law the Government reserved the right to con- 
sider it for three years before issuing the permit. Fortunately, 
when I got over there they had amended that law so that they 
only reserve to themselves the right to consider it for six 
months. There are a good many things of that kind that are 
different from conditions in our country, so that it was impos- 
sible for me to come back and assume the duties of the office. 

I do not care to make a long speech, but I certainly appre- 
ciate the honor you conferred at that time in electing me Presi- 
dent, and have always regretted that I was not able to give my 
personal attention to the office. 

The next paper on the program is by Mr. D. I. Cooke of Chi- 
cago on "Car Ventilation." 

(Mr. Cooke read his paper.) 

Chairman Allen: We have another paper to be read this 
afternoon upon a similar subject, "Car Heating by Electricity, 
and Temperature Regulation in Connection Therewith," by W. 
S. Hammond, Jr., Chicago. As Mr. Hammond is not here, I 
will ask the Secretary to read that paper, and if there is no objec- 
tion we will then discuss the two papers at the same time. 

(Secretary Blackmore read the paper.) 

After which the papers were discussed by Prof. Allen, Mr. 
Hart, Mr. Lewis, Mr. Tait and Mr. Cooke and a resolution was 
passed giving thanks to Mr. Cooke and Mr. Hammond for the 
papers. 

Chairman Allen : The next paper on the program by Prof. 
E. H. Lockwood will not be presented as it has not been received, 
but in place of it a paper will be read by Mr. O. J. Kuenhold on 
"Natural Gas Heaters." 

(Mr. Kuenhold then read the paper.) 
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Chairman Allen : If there is no objection I will ask Mr. 
Donnelly to present his paper now, as it has to do with gas con- 
sumption and we will have all the papers on these allied sub- 
jects discussed at one time. 

(Mr. Donnelly reads paper.) 

The papers were then discussed together with the topic "To 
what extent can we economically use manufactured gas for heat- 
ing," by Mr. Donnelly, Mr. Blackmore, Mr. Hart, Mr. Lewis, Mr. 
G. H. Barrows and Mr. Bolton and the discussion occupied the 
remainder of the session. 

The session adjourned at 6:15 o'clock. 

Third Session — Friday Morning, July J(I 

The meeting was called to order at ten o'clock, President Lewis 
in the Chair. 

President Lewis : Since we are to close this session at twelve 
o'dock, we will ask Mr. Pryor to proceed with his paper on 
"The Reduction or Elimination of Noise in Mechanical Ventilat- 
ing Apparatus." 

Mr. R. W. Pryor, Jr. : This paper was prepared with the idea 
of bringing out the views of other members as to the elimina- 
tion of noise in ventilating machinery which might have come 
under their observation. I have given here a few of my ex- 
periences which I have had contact with. After I finish if there 
are any of the gentlemen who have had similar experiences, 1 ' 
would like to get their views and have a thorough discussion of 
the paper. 
. (Mr. Pryor reads paper.) 

The paper was discussed by Mr. Hart, Mr. Lewis, Prof. Allen, 
Mr. Lyle, Mr. Tait and Mr. Blackmore, after which the questions 
raised were answered by Mr. Pryor. 

President Lewis: If there is no objection we will proceed to 
the next item, which is a paper on "Toilet Room Ventilation" 
and appliances used for the purpose, by R. L. Douglass. Hyde 
Park. Mass. Mr. Douglass is not present, so the Secretary will 
read his paper. 

(The Secretary reads the paper.) 

It was discussed by President Lewis, Mr. Hart, Mr. Blackmore 
and Mr. Pryor. 

President Lewis: The next paper is one by Dr. M. W. Frank- 
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lin, "Air Ozonation." In the absence of the author the Secre- 
tary will read it. 

(The Secretary read the paper.) 

It was discussed by Prof. Hoffman, Prof. Allen, President 
Lewis and an extract from a pamphlet by Prof. F. S. Lee was 
read in the proceedings. 

It was voted to send to Dr. Franklin a copy of the discussions 
and to make his reply a part of the proceedings. 

President Lewis: We will next have a paper on "The Heat- 
ing Industry in Canada," by Norman A. Hill, Toronto, Ont. 
Hoping that the administration for next year may consider our 
general wish to go to Toronto for next summer's meeting, and 
with that end in view to encourage our interest in Canada and 
to recognize our friends on the other side, we have requested 
Mr. Hill to tell us something about Canadian conditions. 

Mr. Hill read the paper and as an addenda to it Mr. Hill 
quoted the following statistics : 

^'Toronto, the fastest-growing city in Canada, population nearly 
doubled in six years; 1907, 272,000; 1913, 505,807; 233,207 new 
inhabitants in six years. In order to accommodate 36,000 new 
inhabitants last year the Queen City spent $27,038,624 in erect- 
ing 9,884 buildings, over 6,000 of which were houses valued at 
$12,181,280 (without the land). 71 new factories were erected 
costing $2,054,950; 47 warehouses costing $1,100,600; 60 theatres 
and moving picture shows costing $1,119,400 ; 40 new office build- 
ings costing $1,799,925 ; 23 new schools costing $2,378,100, bring- 
ing the total number of educational buildings to 282 ; and all this 
in one year. Every four minutes of the business day a new 
inhabitant arrives in Toronto. Every three and a half minutes 
of a working day a real estate transaction is completed." 

Mr. Hill's paper was received with applause. 

The paper was discussed by Mr. J. H. Davis, President Lewis, 
Mr. Kimball and Mr. Weinshank. 

President Lewis: Our friends in Cleveland have been show- 
ing us very bounteous hospitality. They have arranged a great 
many interesting entertainment features, and it is due to them 
that we do not delay them ; therefore, I am compelled to call a 
halt on these discussions at this time, since the Local Committee 
of Entertainment have arranged for a trip to Nela Park this 
afternoon to visit the National Lamp Works. The Convention 
will now adjourn to 10 a. m. Saturday morning, July 11th. 
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Fourth Session — Saturday Morning, July 11 

The session was called to order at ten o'clock, President Lewis 
in the Chair. 

President Lewis : The Chair is not certain whether the eflfects 
of the banquet last night have affected his eyesight, and he is 
a little uncertain, but he believes that he sees fifteen members 
present, and will therefore announce a quorum. 

We have always had more or less difficulty in sticking to the 
program, because we start late and finish late so that we get 
behind on the next session ; but this administration is endeavor- 
ing to show those who do not come up on time that they miss 
something. So, if there is no objection, we will proceed with the 
program, the first paper being a "Comparison of Costs of Water 
Power and Steam," by Reginald P. Bolton, New York City. 

Mr. Bolton then read his paper, interspersing it with some 
side remarks. 

The paper was discussed by Prof. Allen, Mr. J. H. Davis, Mr. 
Hill, Mr. Bushnell, Mr. G. D. HoflFman, Mr. Hart and President 
Lewis. 

President Lewis : The Secretary will now read his paper, "Our 
Society, its Aims and Opportunities." 

(Mr. Blackmore reads paper.) 

The paper was discussed by President Lewis, Mr. Hart, Mr. 
N. A. Hill, Mr. Bolton, Mr. Linn, Mr. J. H. Davis. 

President Lewis : We have a communication from Mr. Speller, 
who is interested in threads. A movement is under foot for a 
change in the agreed standard in pipe threads. It seems to. me 
wise that this be referred to the Committee on Standards; if 
you have no objection, it will be so referred, to co-operate with 
other committees of other Societies toward an eventually im- 
proved standard. 

President Lewis: We will now hear the report of the Chi- 
cago Commission on Ventilation read by Mr. Hart. 

(Report of Chicago Ventilation Commission was read by Mr. 
Hart.) 

President Lewis: I criticized our friends of Cleveland when 
we started this meeting, because I felt that they were attempt- 
ing too much in the way of entertainment. I desire to retract 
any possible criticism I may have offered. They did not have 
too much entertainment, I think their entertainment was just 
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right ! I call for a rising vote of thanks to our Cleveland mem- 
bers for their hospitality. 

The motion was seconded, and carried by unanimous and 
rising vote. 

President Lewis : I thank you for your unanimous endorsement 
of my motion. I believe that our meeting is ended unless you desire 
to take up some of these Topics for Discussion that are listed on the 
program. If not I will entertain a motion to adjourn. 

Convention adjourned at 12 :16 p. m. 
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CCCXLVI 

THE IMPORTANCE OF A PROPER PERSPECTIVE 

President's Address. 

S. R. E-EWIS. 

One of the limitations of the human mind is its normal inability 
to become sufficiently detached as to view things in their proper 
perspective. After taking the utmost care in refining some detail 
of a process we operate for years with combinations of such refined 
details in connection with the most redundant, unconsidered rules 
of thumb. We are prone to follow precedent or to be conven- 
tional, at the expense of progress. We fail to view a clear per- 
spective. 

The history of medicine, electricity and mechanics teems with 
instances in which we groped all around radical improvements, 
finally to stumble over them. At how many points we have failed 
yet to stumble no man knows. The improvements in heating and 
ventilating have largely been developed by the stumbling process. 
The most elaborate computations will be made, for instance, of heat 
losses, pipe sizes and radiator surfaces, affecting possibly one-third 
of the cost of an installation and then we find that the designer 
guessed at the chimney size or type or height — took an incom- 
petent manufacturer's rating on a boiler, or rendered abortive his 
own detailed computations by assuming that the manufacturer's 
competitive guess as to the capacity and efficiency of his particular 
apparatus, was correct. 

The men whose minds have risen above the commonplace and 
who have been able clearly to view the perspective are our great 
men to-day. They have been able to devote their eflforts to all the 
weak places without useless devotion to a few futile details. The 
capacity for infinite care and pains, which is said to form genius, 
the rank and file of us can understand. 

Our ideal of this society is success for all. That all may suc- 
ceed it is not necessary that any shall fail. The process of devel- 
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Oping, by careful committee work, by consultation with successful 
outsiders, by individual genius, such as we have in our member- 
ship, is progressing safely and sanely, and our proceedings from 
year to year are surely becoming more and more enriched with 
valuable information. 

I desire to emphasize, however, the necessity of proper per- 
spective and in doing so suggest some questions which I believe 
the future will prove worthy of our most earnest consideration. 

Overshadowing everything else is the question of conservation 
of natural resources. For how much longer may we waste stored 
heat resources to save first cost only, of buildings? Our instinct 
is so to live as to make living for our descendants a better propo- 
sition. How are we intelligently following this instinct? 

Nature provides winter coats for the animals that must remain 
out in the cold. We learned long ago to insulate our bodies par- 
tially against the cold with warmer winter clothing. Have we 
approached seriously the application of this idea to our buildings? 
We refine the artificial heating plant, spend time and dollars and 
skill and genius in elaborating the heat transmitting appliances 
and the fuel consuming devices with no more than a cursory in- 
vestigation of the type of construction of the building, and with 
no effort to influence the construction of the building so as to 
reduce the heat losses. 

Many of us, I believe, stand convicted of crime in this regard 
against future generations. There are instances available where 
5 per cent, of the cost of the building, expended on heat trans- 
mission insulation rather than on a larger heating plant, saved in 
fuel charges alone its cost within three years. The field this opens 
up is almost unexplored. We know, however, how much more 
efficient as regards heat insulation is an ordinary sawdust packed 
icehouse than an ordinary dwelling, and how much longer heat is 
retained in an ordinary fireless cooker than in any part of the best 
insulated transmission department of an ordinary heating plant. 

We know that poor insulation of walls and windows is the 
greatest enemy of good ventilation, preventing proper diffusion of 
the fresh air. We know that tight windows or storm sash permit 
of very considerable fuel savings. We know that warm winter 
buildings are cool summer buildings. We know that a $10,000 
investment with a 5 per cent, interest charge is better for the bor- 
rower than an $8,000 investment with a 20 per cent, interest charge. 
We seem, however, unable to get perspective enough to use this 
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knowledge, else buildings with rattling windows and no storm sash, 
thin walls, cold attics and cellars, direct-indirect radiators, unduly 
high ceilings, single slab roofs, etc., coupled with the most elaborate 
and expensive heating plants, would cease to exist. 

In our practice as engineers are we losing perspective in regard 
to the location in the room of the heat source? We learned, very 
early in our experience, that the heat transmission varies, among 
other things, in a certain proportion as the difference in tempera- 
ture between the hot and cold objects varies. Is it then the best 
practice to place the hottest thing in a room against the coldest 
object? The dean of one of our greatest engineering schools agreed 
with me that in most instances the radiator location was far more 
a factor of the convenience of the occupants of the room than of 
their comfort. Granted reasonably tight windows and fairly well 
insulated walls, the radiator may be alongside the inside wall as 
satisfactorily as alongside the outside wall. May not the radiator be 
smaller — will not the piping be less expensive — will not the fuel 
cost be lower, if this procedure is carried out consistently? 

Is it not a loss of perspective to cling to the idea that air for 
ventilation shall all have been heated prior to its entry to a room? 
Our belief in this is traditional. Is it based on truth ? It has been 
demonstrated that unheated air may be introduced into rooms under 
certain peculiar ideal conditions, and that under these conditions 
the air feels better to us than air which has been heated. This 
process has proven good for street cars. Shall we not hope for the 
development of the process for buildings, so perfected that it shall 
operate continuously and effectively? I believe that it will surely 
follow the construction of properly insulated buildings, and that we 
cannot attain approximately perfect ventilation until we build insu- 
lated buildings. 

Is our perspective normal as affecting air cleaning apparatus? 
Are there no other natural processes from which we may take a 
hint aside from the reduction in atmospheric dust after rain ? Will 
not our progress accelerate when moisture content and dirt removal 
from air are seen as clearly as separate processes ? Is it impossible 
to bring forth an air cleaner which shall operate continuously, eco- 
nomically and efficiently at less original and maintenance cost than 
the modern commercial air washer, and thus become more popu- 
larly possible? Is there no device which can do for our homes 
approximately what our nasal functions do for our lungs ? Despite 
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the dust which autopsies show these cleaners have let by, are they 
not more efficient than any of our artificial cleaners? 

I have attempted to suggest some improvements to stumble over 
some perspectives to be viewed. 

By the friendly contact of our organization and a helping hand, 
many of us will stumble over desirable elements to success. 

By the inspiration of this society's contact many of us may climb 
the heights enclosing our narrow valley and view the distant peaks 
of achievement in a perfect perspective. Those of us remaining, 
who can neither stumble or see, forming the rank and file, who are 
achieving genius by infinite care and pains, will always find, I hope, 
in the contact engendered by our organization and our meetings 
some alleviation of the grind of life's turmoil. 

DISCUSSION 

President Lewis : Since writing the foregoing an illustration 
has occurred to me which perhaps might be interesting. Imagine 
for a minute that instead of trying to heat the inside of a building 
against the cold outside that we were trying to cool the inside 
of the building with ice against the heat outside ; would we put 
the ice against the outside wall, the hottest surface available? 
I doubt it. I think we would put the ice at some point where 
it would absorb heat from the contents of the room rather than 
from the hot outside walls. We would not expose one-half of 
each ice cake to the direct heat from the walls, in such a way as 
to limit its cooling influence on the room. 

In the past, although we knew that less radiation was required 
if we did not put radiators up against the cold walls, our custom 
has been nevertheless to set the radiators against the cold walls. 
We have a committee now working on the best and most econ- 
omical place in a room to set a radiator. 
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CAR VENTILATION 

D. I. COOKE, MEMBER 

The necessity for improvement in sanitation of cars particularly 
as regards Ventilation has long been recognized, and an examination 
of the files of the United States Patent Oifice will show that various 
patents on car ventilating devices have been granted since 1842. 
With the growth of passenger traffic on steam roads the lack of 
adequate ventilation has become more pronounced, and the earliest 
attempts toward improvement along this line were directed toward 
the railway passenger coach. Among the earlier systems used is 
that known as the Spear Stove System. This device was devel- 
oped during the period when steam trains were heated by stoves 
in each coach, and in this case provision was made for fresh air 
supply by means of a duct located above the stove in one comer 
of the coach. This duct terminated in a scoop or cowl projecting 
above the roof line. The theory was that the movement of the 
car would induce a sufficient circulation of air over the radiating 
surface of the stove to relieve the car interior and provide proper 
tresh air supply. This system was in vog^e some 26 or 30 years 
ago and in practice was found somewhat unsatisfactory on account 
of the fact that the air entering the coach admitted cinders, smoke, 
etc., to the car interior. 

A contemporary system was known as the Winchell Ventilating 
System. This scheme provided for admitting the air at one end 
of the car under the front hood allowing it to distribute itself 
through the car interior and providing for an exit port at the rear 
hood at or near the roof line. This device was found to be in- 
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operative when the car was standing still, and according to Prof. 
Nichols, of the Massachusetts Institute of Technology, its average 
capacity was from 7,000 to 10,000 cubic feet of air per hour fur- 
nished to the car interior under favorable conditions. 

Another device known as the Pullman Deck Sash System allowed 
for ventilation by means of the deck sash only. With this arrange- 
ment no provision is made for tempering the admitted air and there 
are no inlet ports except the deck sash proper. In this case the 
heating of the air is done after it enters the car and the air change 
produced is limited to the leakage and circulation established in and 
out of the deck sash openings. The earlier cars equipped with the 
system were lighted by lamps, and the lamp ventilators served to 
some extent as outlets for air from the car interior. 

The passenger car ventilation in use on the Pennsylvania Rail- 
road was developed some 10 or 12 years ago through exhaustive 
study under the supervision of Dr. C. B. Dudley, Chemist of the 
Pennsylvania Railroad, and A. S. Vogt, Mechanical Engineer, 
and others. This system is so designed to admit air at the car 
hoods at opposite corners of the roof. A vertical duct or riser is 
provided connecting with a horizontal duct beneath the car floor 
running the length of the car and leading through slots or openings 
in the floor to a housing around the steam pipes located above this 
air duct. From the housing around the car heaters, branch con- 
nections are made through galvanized iron ducts leading under each 
seat and terminating in inlet openings into the aisle space. A 
series of Globe Ventilators are located on the center line of the 
upper deck roof serving as outlets. This system has proven very 
satisfactory and under test has developed a capacity of approxi- 
mately 1,000 cubic feet of air per minute with a train speed of 30 
miles per hour and all ventilators open. One of the essential fea- 
tures of this system is provision for screening the admitted air 
by means of a fine wire gauze over the roof inlets. There is also 
provided an inlet valve capable of regulation by the train crew 
to regulate the air supply in combination with a butterfly valve 
located in the vertical riser serving to exclude smoke, etc., during 
operation through tunnels. 

A detailed description of this system is found in a paper before 
the Western Railway Club by S. G. Thompson, Assistant Engineer, 
M.P., Pennsylvania Railroad. 
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The Garland Ventilator is standard for Pullman cars and con- 
sists in the application of 10 or 12 Aspirator Type ventilators 
located along the car roof leading into openings through the Moni- 
tor Deck space. The car movement causes a suction pressure at 
these ventilators and induces a flow of air outward from the car 
interior. This device is effective in proportion as the car speed 
approaches the maximum, and the circulation of air through the 
car interior is largely dependent upon leakage as no particular pro- 
vision is made for air inlet to the car body. This system is more 
or less in-operative when the car is standing in the terminal, and 
the exhaust effect through the ventilators is largely affected by 
wind currents and atmospheric conditions, sometimes resulting in 
a back pressure at the outlet ports allowing of cold air entering 
at the roof line. 

Dr. T. R. Crowder in a paper before the American Public Health 
Association in September, 1911, lays emphasis on the fact that 
"the vital element of ventilation problem becomes that of regelating 
the temperature of the air," and also states that the hygienic value 
of ventilating devices depends largely upon their scientific applica- 
tion and co-ordination with the heating system used. This point 
is generally recognized, and Prof. C. E. A. Winslow has stated that 
the value of a ventilating system lies in its ability to reduce the 
room or building temperature. It has been suggested that com- 
plaints regarding poor ventilation . on common carriers is due to a 
condition of the mind; that is, the circumscribed area existing in 
a car impresses the occupant with a feeling of oppression or a 
sensation of closeness which in reality may not exist. Another 
point to be remembered is the fact that on account of so little 
being known regarding ventilation by the average public it is diffi- 
cult to secure co-operation or even an acknowledgment that the 
efforts made are appreciated. The idea is generally prevalent that 
in order to ventilate a room or enclosed space it is necessary to 
have all windows and doors open, and it is difficult to convince 
the laymen that scientifically correct ventilation may be attained 
without resorting to this practice. Any consideration of the prob- 
lem of car ventilation should, in my opinion, include a study of 
the best practice obtaining as regards car heating as it does not 
appear that the two problems can properly be disassociated. It is 
evident that the best results as regards heating and ventilation can 
only be obtained when the two subjects are considered collectively. 
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In connection with improvement in sanitation of street cars, the 
matter of ventilation has been receiving attention and considerable 
development work has been accomplished. It is conceded that 
street cars operating through the congested centers of population 
are a source of danger as regards the spread of infectious disease. 
This will be realized when the character of the passenger traffic 
accommodated is considered together with the relatively small air 
space per passenger in the ordinary city car which obtains during 
rush hour periods. A certain percentage of the passengers are 
probable disease carriers and in an infectious condition. This 
coupled with the fact that the entire cubic contents of an unven- 
tilated car may be polluted by a single infected passenger indicates 
a most unsanitary condition. 

The usual method of providing for car ventilation has been to 
construct a Monitor Deck or clear story having a number of small 
windows which could be opened to allow of air entering. The 
ventilating value of this construction is relatively small as the win- 
dows open serve only to dilute the air in the car body; that is, 
air entering will freshen the air in the car interior to a limited 
degree. This action is not positive and does not affect the entire 
body of air in the car, and especially the air at the breathing zone. 
In colder climates it has never been found practical to operate 
cars with the deck sash wide open as the incoming air entering 
at the roof settles rapidly down on the heads of the passengers 
causing discomfort as well as objectionable draughts. As a result, 
cars of this type are generally operated with the deck sash closed 
and without adequate provision for ventilation. 

The earlier types of street cars were usually open-end cars with- 
out vestibules, and during stops were open at front and rear allow- 
ing of the introduction of air to the car interior. 

With the introduction of the Prepayment T)rpe cars now widely 
used, the car construction usually includes a bulkhead at the front 
and rear separating the car interior from the end vestibules. The 
means of entrance to the car interior consists of sliding or swing 
doors located in the bulkhead. One of the essential features of 
the Prepa)rment car design includes provision for maintaining exit 
doors closed while the car is in motion, and this feature in con- 
junction with the fact of closed vestibules prevents a circulation 
of air through the car end to end as in the earlier types of cars,. 
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and whrle the car is in motion the forward bulkhead serves as an 
air lock preventing the fresh air blowing into the car body. 

In 1908 and 1909 the matter of street car ventilation was taken 
up by the Chicago authorities and a series of tests made under the 
joint supervision of the Health Department, Officials of the Street 
Railway Companies and the Board of Supervising Engineers. 

A number of so-called Natural Ventilators were applied and 
tested, usually consisting of an adaptation of the Aspirator Prin- 
ciple. These devices depend upon the suction effect produced by 
passage of air across openings on the car roof, and their efficiency 
is directly proportional to car speed. This type of ventilator did 
not prove satisfactory on account of the fact that the average 
speed of city cars during rush hour periods is low, and Ihe average 
cubic space per passenger in a city car was found to be under 25 
cubic feet during rush hour periods. The limitations of such ven- 
tilating devices will be readily appreciated when it is understood 
that the ordinary car in city service has an average operating speed 
of 9 to 12 M.P.H., and when the greatest passenger load is being 
handled and the necessity for ventilation is most urgent, the car 
is operating at the lowest rate of speed with most frequent stops. 
Under these conditions a natural ventilator is found to be work- 
ing at the greatest disadvantage and is least efficient. As the car 
reaches the outlying districts the operating speed increases and the 
ventilating device in .question is operating under most favorable 
conditions. 

It was also found that the efficiency of any natural ventilating 
device decreases in direct proportion as it is made weather proof. 
Another serious objection to such systems in practice is the diffi- 
culty of maintaining an even temperature in the car interior. In 
order to make a car ventilating system effective, it is essential that 
the exhaust effect be maintained as nearly constant as possible, 
as otherwise the effect on the car heating system will be to reduce 
its efficiency on account of the fact that a given quantity of air 
will be taken in at one time, and an excess quantity at another 
time, which results in chilling the heaters as well as rendering it 
impossible to heat the air passing over same. The fluctuation in 
the flow of air over the car heaters, a characteristic of all natural 
ventilating systems, is due to the variation in the exhaust or suc- 
tion effect induced by the exhaust ventilators on the car roof. 

The natural ventilating devices applied to city cars were found 
to be affected as regards their operation by atmospheric conditions. 
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wind velocity, car speed and direction, and the efficiency or capacity 
of such devices was found to be a variable quantity limited by 
above conditions. It also developed that such devices could not 
be efficiently combined with the car heating system. In the case 
of the Chicago situation a specific requirement or standard for 
ventilation having been decided upon, it developed that this class 
of ventilator could not be depended upon for results. 

As a result of the Chicago tests an effort was made to develop 
a mechanical ventilating system and after consideration the exhaust 
system was decided upon on account of the fact that its applica- 
tion could be most readily made without interfering with the stand- 
ard car construction and also as a more satisfactory application 
might be obtained. In the Fall of 1908, one of the Chicago 
Railways Company's car No. 102 was equipped and placed in serv- 
ice for test. The ventilating equipment for this car consisted in 
the application of a direct connected exhaust fan and motor operat- 
ing in a sheet copper housing located at one end of the car of the 
vestibule roof. From the fan inlet a cone connection was made 
through the end transom space in the Monitor Deck, and an exhaust 
chamber space was provided in the Monitor Deck having a cross 
section area of approximately 160 square inches, and a minimum 
depth of four inches, this exhaust chamber extending the length 
of the car body some 31 feet. A series of outlet registers, having 
a six inch diameter grille, were installed in the lower face of this 
exhaust chamber located in pairs on approximately four foot cen- 
ters. A connection was made to eight of the electric car heating 
units located beneath the cross seats of the car and an opening cut 
through the car floor having a cross section of 28 square inches each. 
This opening was connected with the heater coil by means of a 
sheet steel duct which served as the air intake connection. The 
cubic contents of the car body was 1,910 feet gross. The exhaust 
fan employed was a brass wheel of the cone type having a diameter 
10^ inches with a 2}i inches width at periphery. This fan was 
driven by the motor operating at approximately 2,200 R.P.M., and 
under test the ventilating system was found to have a capacity of 
approximately 1,000 C.F.M. exhaust. As a result of test made on 
car No. 102, this system was adopted by the Chicago Railways 
Company, and an initial equipment of 360 cars made in the Fall 
of 1909. Since that time approximately 1,000 surface cars have 
been equipped with Mechanical Car Ventilation and are in opera- 
tion in the city of Chicago. (See Figs. Nos. 1-2-3-5-6.) 
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In the case of the Mechanical Exhaust System in operation the 
exhaust fan creates a suction pressure in the exhaust chamber in 
the car roof resulting in a flow of vitiated air outward iram the 
car body; which in turn induces a flow of fresh air inward over 
the car heaters, causing an even and constant circulation of air 
through the car under all operating conditions. The total area of 
openings provided for Air Intake and Exhaust being so propor- 
tioned as to allow of a maximum air velocity of 300 feet per min- 
ute. The car heating system may be operated independent of, 
or in conjunction with the ventilating system, and in the latter 
case the heating system operates at the point of highest efficiency 
and the desired car temperature is readily maintained without 
materially increasing the current consumption in the car heating 
system. This is due in part to the fact that the car heating and 
ventilating system operating together are, in effect, a Direct-Indirect 
system, and the constant flow of fresh air over the units of the 
car heating system serve to increase their efficiency. 

Plenum systems of ventilation have been designed to operate in 
conjunction with car heating equipment and are widely used in 
Detroit, Cleveland, Pittsburg and other cities. This system as 
ordinarily applied consists of a coal stove having a motor driven 
fan operated with provision for circulating fresh air over the 
radiating surfaces of the stove and conducting same by means of 
a horizontal duct extending along the side wall of the car body 
beneath the seats. A series of square or rectangular gratings 
located in the face of this duct or plenum chamber serve as outlets 
for the tempered air to the car body. The combined heating and 
ventilating unit is generally located at one end of the car in the 
vestibule space. The unit is manufactured in two standard sizes 
rated at 250 C.F.M. and 500 C.F.M. respectively. 

The disadvantages of the Plenum Systems as applied to cars 
in the manner described above are obvious and may be enumerated 
as follows: 

First: The amount of space available for the installation being 
limited the fresh air is necessarily introduced at a relatively high 
velocity. 
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Second: A complete distribution of the heated air through the 
car interior is impractical with the plenum system. 

Third : A specific air change is difficult of attainment on account 
of the fact that the air introduced at the floor line directly aflfects 
the body of air in the car body to a limited degree. 

Fourth: Operating in conjunction with a coal burning stove 
the percentage of gaseous emanations is high and ordinary carbon 
dioxide determinations have little value under these conditions. 

Fifth : To provide for the escape of air introduced at the floor 
line a series of ventilator outlets, usually of the Aspirator Type, 
are required to be located on the roof. 

Sixth : The high velocity of air at the outlets serves to disturb 
and disseminate the dust particles and street dirt carried in on. the* 
car floor. 

The equipment furnished for an installation of the mechanical" 
exhaust system is designed for operation at a minimum of expense- 
for maintenance, and the charges against the system for upkeep- 
will be found very little in excess of the costs ot upkeep of any 
car ventilating system. The ventilating system is furnished to- 
comply with any requirement or standard which obtains at the 
present time, having a guaranteed capacity to handle a minimum 
of 1,000 C.F.M. through the car interior under all operating condi- 
tions. Where local conditions may require a greater capacity, equip- 
ment may be furnished to deliver same under an absolute guaranty. 

As regards the characteristics of the fan and motor equipment 
used, the following may be of interest. 

The motor has a series winding of 600 volt DC, being of the 
steel frame fully enclosed type operating under full load at 1.950 
R.P.M. and with an ampere rating of .89. Under operating condi- 
tions with a motor speed of approximately 2,000 to 2,100 R.P.M. 
the motor load is about .75 amperes, and the motor operates nor- 
mally on a voltage of 550 to 575 volts. Under these conditions 
the standard fan has a capacity in excess of 1,000 C.F.M. exhausted. 
In operation the motor is controlled from a snap switch carrying 
a three ampere fuse, and the rugged construction employed allows 
of operating the motor directly across the line on trolley voltage - 
without any starting resistance. The motor is designed as regards* 
lubrication for the use of hard oil and waste, and when the bearing 
housings are once packed properly, the motor will operate fronv 
six months to one year without any attention except as regards- 
brush renewals. 
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V\g. 6. End Section Chicago Car. 

In practice the ventilating system is required to be operated 
during the heating season, which in Chicago is considered as 166 
days per year. During that period of time the car is operated 
with the doors and windows closed, and in the winter season with 
storm sash fitted on the car windows. Under these conditions the 
ventilating system affords the only means for a constant supply 
of fresh air to the car body. With the car heating system, which 
in Chicago is of the electric resistance unit type, an increased 
efficiency of the heating system has been observed. In standard 
practice a connection is made to eight of the car heaters for the 
fresh air supply from rectangular openings in the side walls of 
the car body, and these coils over which the fresh air flows in 
entering the car body are found to operate at a lower coil tem- 
perature than the balance of the heaters in the circuit. The 
heaters in the circuit are wired in series parallel, and a decreased 
coil temperature results in the case of the heaters connected for 
fresh air supply (which are in eflfect tempering coils) decreasing 
their resistance with a consequent increase in flow of current. 
The reverse of this condition obtains in the case of the balance 
of the heaters in the heating circuit as the other units of the car 
heating system operate with a higher coil temperature, increased 
resistance and a decreased flow of current which balances the 
decreased resistance in the first set of coils. From numerous tests 
made it is apparent that the car temperature is readily maintained 
during operation of the ventilating system and the current con- 
sumption in the car heating system is not materially increased 
over normal conditions. It is to be observed in this connection that 
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the normal coil temperature of the electric resistance heater unit 
is approximately 350 degrees F., while the single units have a 
normal rating of 400 watt hours each. 

The results of a test made to determine current consumption 
in the car heating system under normal conditions and during 
operation of mechanical ventilating system are given herewith. The 
ventilating system under test conditions was found to have a capacity 
of 650 C.F.M. exhausted and the current consumption measured 
under 1, 2 and 3 points of heat with the fan in service was the 
KWH consumption obtaining under these conditions. 

TEST TO DETERMINE EFFECT OF THE OPERATION OF VENTILATING SY^ 
TEM ON THE CAR HEATING SYSTEM, AS REGARDS CURRENT CON- 
SUMPTION, JANUARY 4, 1911. 

The results of this test, as scheduled below, indicate the fact 
that the circulation of air produced by the fan in operation does 
not increase the current consumption of the heating system. 

It will also be noted that there is no appreciable effect on the 
car temperature. The duration of the test was not sufficient to 
produce the maximum car temperature, but the observations were 
taken extending over a long enough period of time to definitely 
establish the ratio of current consumption in each case. The car 
was started without heat and with an initial temperature of 28 
degrees F. The observations were taken with the car exposed to 
a side wind of 42 miles per hour, which should cause a maximum 
radiation from the car body. 

The heating system was turned on first with one point of heat 
and the ventilating system out of service, a series of readings 
being taken, and the ventilating system being later placed in service 
for an equal period of time. Subsequent readings were taken with 
the heating system under 2 and 3 points of heat, respectively,, 
observations being made with the ventilating system both out of 
service and in service in each case. The results of this test are 
given in detail herewith. It will be further noted that during the 
test there were but three people in the car and that the car tem- 
peratures, as given, were indicated by clinical thermometers. The 
car was required to be placed in service at 4:30 P. M., and the last 
observation was accordingly taken at 4 :26 P. M. 
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TEST OF HEATING SYSTEM. 

In Connection with Ventilating System on Chicago Railways Com- 
pany's Car No. 1013, January 4, 1911. 



Time 


Volts 


Amperes 


K. W. 


Pts Ht. 


Fan 


Car 


Temp. 


Outside 
Temp. 


1.38 


450 


6.0 


2.7 


One Pt. 


Off 


28 


deg. 


15 deg. 


1.43 


450 


4.5 


2.0 


One Pt. 


Off 


34 


deg. 


15 deg. 


1.49 


450 


4.5 


2.0 


One Pt. 


Off 


36 


deg. 


15 deg. 


1.54 


425 


4.5 


1.9 


One Pt. 


Off 


37 


deg. 


15 deg. 


1.59 


425 


4.0 


1.8 


One Pt. 


Off 


38 


deg. 


15 deg. 


2.04 


425 


4.0 


1.8 


One Pt. 


Off 


3S 


deg. 


15 deg. 


2.05 


475 
442 


4.5 
4.42 


2.1 
2.04 


One Pt. 


Off 


38 


deg. 


15 deg. 


Av. 












2.te 


4?i 


S.O 


2.37 


One Pt. 


On 


3^ 


deg. 


15 deg. 


2.13 


500 


5.0 


2.5 


One Pt. 


On 


36 


deg. 


15 deg. 


2.15 


475 


4.5 


2.14 


One Pt. 


On 


35 


deg. 


15 deg. 


2.18 


475 


4.5 


2.14 


One Pt. 


On 


34 


deg. 


15 deg. 


2.22 


475 
480 


4.5 
~ 4.86" 


2.14 
2.25 


One Pt. 


On 


34 


deg. 


15 deg. 


Av. 




1^4 


48i 


14.0 


6.79 


Two Pt. 


6f¥ 


34 


deg. 


16 deg. 


2.25 


510 


11.0 


5.61 


Two Pt. 


Off 


35 


deg. 


16 deg. 


2 27 


475 


10.0 


4.75 


Two Pt. 


Off 


36 


deg. 


16 deg. 


2.30 


450 


9.0 


4.05 


Two Pt. 


Off 


36 


deg. 


16 deg. 


2.33 


475 


9.25 


4.39 


Two Pt. 


Off 


37 


deg. 


16 deg. 


2.35 


465 


9.0 


4.18 


Two Pt. 


Off 


38 


deg. 


16 deg. 


2.40 


475 


8.75 


4.15 


Two Pt. 


Off 


39 


deg. 


16 deg. 


2.44 


450 


8.50 


3.82 


Two Pt. 


Off 


40 


deg. 


16 deg. 


Av. 


473 


9.93 


4.71 












2M 


47^ 


9.0 


4.27 


Two Pt. 


6n 


46 


deg. . 


16 deg. 


2.50 


470 


9.0 


4.23 


Two Pt. 


On 


40 


deg. 


16 deg. 


2.53 


450 


8.5 


3.82 


Two Pt. 


On 


40 


deg. 


16 deg. 


2.56 


475 


9.0 


4.27 


Two Pt. 


On 


40 


deg. 


16 deg. 


2.58 


450 


8.5 


3.82 


Two Pt. 


On 


39 


deg. 


16 deg. 


:oo 


475 
465 


9.0 
878 


4.27 
4.11 


Two Pt. 


On 


39 


deg. 


16 deg. 


Av. 












iOo 


4ii 


*.fl 


7.65 


Three Pt. 


OH 


39 


deg. 


17 deg. 


3.07 


465 


15.0 


6.97 


Three Pt. 


Off 


40 


deg. 


17 deg. 


3.10 


475 


15.0 


7.12 


Three Pt. 


Off 


42 


deg. 


17 deg. 


3.12 


475 


14.75 


7.00 


Three Pt. 


Off 


43 


deg. 


17 deg. 


3.17 


475 


14.75 


7.00 


Three Pt. 


Off 


44 


deg. 


17 deg. 


3.22 


450 


14.00 


6.30 


Three Pt. 


Off 


45 


deg. 


17 deg. 


3.26 


495 


15.00 


7.42 


Three Pt. 


Off 


46 


deg. 


17 deg. 


3.34 


490 


14.75 


7.22 


Three Pt. 


Off 


47 


deg. 


17 deg. 


3.43 


475 


14.75 


7.00 


Three Pt. 


Off 


48 


deg. 


17 deg. 


3.50 


450 
467 


14.00 
15.00 


6.30 
"6.99 


Three Pt. 


Off 


50 


A^.^i.. 


17 deg. 


Av. 




ISS 


456 


14.00 


6.^ 


Tiiree Pt. 


On 


4<) 


deg. 


17 deg. 


3.58 


495 


15.00 


7.42 


Three Pt. 


On 


49 


deg. 


17 deg. 


4.05 


450 


14.00 


6.30 


Three Pt. 


On 


48% deg. 


17 deg. 


4.10 


450 


14.00 


6.30 


Three Pt. 


On 


48% deg. 


17 deg. 


4.14 


46a 


14.25 


6.57 


Three Pt. 


On 


48% deg. 


17 \deg. 


4.22 


375 


12.00 


4.50 


Three Pt. 


On 


48% deg. 


17 deg. 


4.26 


475 


15.00 
14.03 


7.12 
6:35 


Three Pt. 


On 


48% deg. 


17 deg. 


Av. 


450 





An interesting application of Mechanical Ventilation to 125 sin- 
gle end operated cars of the Near-Side Type operating over the 
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lines of the Chicago City Railway Company was made during the 
year 1913. Ordinary practice in installation of Mechanical Car 
Ventilating Systems has heretofore contemplated means for intro- 
duction of fresh air over the units of the car heating system to 
obtain a tempering effect on the air entering the car body to replace 
the air exhausted by the fan. In the case in question the cars 
being already in service it was decided that the application of the 
standard system would be impractical on account of expense involved 
in changing the car construction as well as the loss of car service 
resulting from such changes. (See Fig. 4.) 

The cars were originally equipped with nine natural ventilators 
of the Aspirator Type located on the car roof with a series of 
openings through the car floor beneath the trus^ plank electric 
heaters located at the side walls of the car. This system proved 
unsatisfactory in operation on account of the street dust taken 
into the car interior through the floor openings beneath, and it 
was also found impossible to secure the desired car temperature 
during colder weather. Accordingly, six of the Aspirators were 
converted into Injectors located on the roof, the openings beneath 
the car heaters in the floor were closed and a motor driven exhaust 
fan was located beneath the end seat in the rear of the car dis- 
charging downward through an opening in the car floor. The fan 
was housed in beneath the seat having a screen inlet opening of 
approximately one square foot superficial area. The motor used 
had a capacity of J4 H.P., 600 V. with a normal operating speed 
of approximately 2,000 R.P.M. under service conditions with a 
voltage from 550 to 565. Under these conditions the cone fan 
having a diameter of 10^ inches, width at periphery of 2^ inches 
had an exhaust capacity of 1,000 C.F.M. The roof injectors 
under an average operating speed of 9 M.P.H. served to intro- 
duce a minimum of 500 C.F.M. to the car interior and during 
operation of the car the balance of the air handled by the fan 
entered the car through leakage points, cracks around doors, win- 
dows, etc. When the car stopped and the forward door opened 
the roof injectors ceased to become operative and the air move- 
ment is set up longitudinally through the car end to end. Due to 
the large area of openings at the front doors the air entered at the 
rate of 1,000 C.F.M. at a very low velocity and without perceptible 
draughts. As soon as the doors are closed and the car set in 
motion the fresh air is forced in at the roof injectors aided by the 
suction pressure of the fan. 
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This ventilating system, in operation on 125 cars, proved to be 
very satisfactory. 

First : As regards the effect on the car heating system , it was 
found that the car temperatures as provided by ordinance, of 50 
degrees in zero weather, were maintained without difficulty. 

Second; The effect of the ventilating system was very satis- 
factory on account of the positive circulation of air established 
through the car interior, and the absence of dust in the air supplied. 

Third: The ^'princary sense impression" noticeable on entering 
the car when same was loaded to capacity was most pleasing on 
account of the sensation of freshness in the air at the upper level 
of the car. 

Fourth: The fresh air was delivered to the car directly at the 
breathing zone or upper level. 

Fifth : The heated air was forced to the lower level of the 
car where the most effective result^ are obtained. 

Sixth : The fresh air entering at the roof line diffused and mixed 
with the rising currents of fresh air from the heaters and aided 
by the suction pressure of the fan resulted in an even stratum of 
fresh tempered air longitudinally through the car at the mid section. 

As a result of this installation my opinion is that direct contact 
with the units of a heating system for the fresh air supply is not 
necessary, and in fact it is my belief that in many installations 
conditions would be improved by the introduction of fresh air at 
low velocities at points considerably removed from the source of 
heat or radiating surfaces. It is evident that due to the differing 
densities of outside cold air and air radiated from the heating 
surface a thorough diffusion and mixing effect may be attained. 
The primary advantage of such arrangement lies in the fact that 
fresh air may be delivered directly to the breathing zone with a 
revivifying or exhilarating effect, a relatively lower temperature 
may be maintained in the room or enclosed space while equally 
satisfactory results will be secured as regards the desired heating 
effect. It is my opinion that with such arrangement the amount 
of heating surface for a given installation may be somewhat -educed 
with a consequent reduction in fuel consumption over that required 
in an ordinary direct-indirect system. 

Since the development of the mechanical car ventilating system 
a radical change has taken place in car design as regards the roof 
construction. Some 20 or 30 years ago the idea of a plain Arch 
Roof was conceived and introduced but not found to be practical 



Digitized by 



Google 



CAR VENTILATION. 



271 











Digitized by 



Google 
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on account of the difficulty of obtaining proper ventilation. Since 
that time the use of the Monitor Deck Roof with the small win- 
dows has been general. The mechanical exhaust ventilating system 
in its application to the Arch Roof car being entirely practical and 
presenting many advantages, this type of car has now become gen- 
erally used. 

The mechanical exhaust system of car ventilation has been applied 
during the last two years to the Double Deck cars which are being 
operated experimentally in the cities of New York, Washington 
and Columbus. The installation of the exhaust system is made as 
follows ; An exhaust chamber space is provided in the car roof in 
the upper deck having a cross section of 5x40 inches. In the 
lower face of this exhaust chamber is located a series of six inch 
diameter register faces or grilles to serve as air outlets from the 
upper deck section. The space between the seat backs in the upper 
deck forms the sides of a triangular duct of which the arch across 
the lower deck forms the bottom. This duct serves as an outlet 
from the lower deck section and is connected with the main exhaust 
chamber in the upper deck roof by means of a riser at the mid 
section. A series of outlet registers is also located in the lower 
deck roof opening into the triangular duct described above. The 
main exhaust chamber in the upper deck roof terminates in a 
header at one end of the car body to which in turn are connected 
four risers extending vertically downward along the window posts 
and having a cross section of 6x6 inches each. These vertical 
risers connect to a header in the cab roof in the lower deck and an 
exhaust fan and motor is connected into same at that point. 

Fresh air inlet connection is made to the car heaters in the lower 
deck section and with the exhaust fan in service a circulation of 
air is established through the upper and lower deck compartments. 
A typical layout for installation of the mechanical exhaust system 
as applied to a double deck car given herewith. (Fig. 7.) 

The local requirements for car ventilation obtaining in Chicago 
may be said to constitute up to the present time a standard. During 
the years 1909, 1910, 1911 and 1912, a 500 cubic foot per minute 
capacity outfit was used, but since that time due to the investigations 
made by the Chicago Commission on Ventilation and others, these 
requirements have been increased to 1,000 cubic feet per minute 
based on a carbon dioxide maximum content of 12 parts in 10,000. 
The average passenger load is taken as 80 passengers, 12 parts of 
carbon dioxide requiring an air supply equivalent to 750 cubic 
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feet per hour per passenger or a total of 60,000 cubic feet per 
hour per car. 

We give below carbon dioxide chart showing relation between 
carbon dioxide content and fresh air supply per occupant which 
may be of general interest : 



This chart has been made up using formula as given in Ruhloff's 
thesis on Car Ventilation. 

The ordinary practice in vogue for conducting tests on car ven- 
tilating equipment consists of the use of anemometers to determine- 
the air quantities, carbon dioxide determinations as a check against, 
the air supply, Petri Dish exposures to determine bacteria content, 
dust determination, etc. In general the matter of testing car ven- 
tilating equipment is one which depends upon the application of 
knowledge of chemistry rather than mechanics and as such the 
writer is not qualified to discuss same from a technical standpoint. 

There is an increasing interest in the matter of improvement in 
sanitation of cars as regards ventilation, and the various Health 
Departments, Public Service Commissions, Electric Railway Offi- 
cials and others are investigating the matter with the idea of formu- 
lating standards which will govern in various localities. 

Of the descriptive matter available regarding^ Car Ventilation^ 
may be mentioned : 

Articles on Car Ventilation, by W. A. Evans. M.D. 

Studies on Sleeping Car Ventilation, by Thos. Crowder. 
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Car Ventilation, a thesis, by W. C. Ruhloff, University of Wis- 
consin. 

Records of Tests on Car Ventilation, by Chicago Railways Co., 
1909-12. 

Hearings on Car Heating and Ventilation, N. Y. Public Service 
Commission Case 1426. 

Developments in Car Heating & Ventilation, by L. C. Ord, 
C. P. Ry. Co., from paper before Canadian Railway Club, October, 
1911. 

Report of Master Car Builders Association on Ventilation. 

DISCUSSION 

Mr. Lewis: I would like to call particular attention to one 
statement in Mr. Cooke's paper on the advantage to comfort of 
having unheated cold air introduced above the heads of the 
occupants. That is rather radical, but is entirely in keeping 
with most modern research on the line of ventilation, and seems 
to be one example of where it is successful. I can cite another 
case of an old school house heated by direct ventilation similar 
to the so-called Pullman ventilators in windows, so that the cold 
air came in over the top of the ventilators. It is a most impos- 
sible building most of the time, but when the wind comes just 
right I have never seen any building as pleasant and comfort- 
able as those rooms in which the cold air is blown through the 
openings in those windows. 

Chairman Allen: This matter of car ventilation is a very 
interesting subject, and especially so because we have had so 
little information in past years. As to Mr. Lewis' remarks on 
fresh air from the outside there is no question but that fresh 
air has a revivifying effect that you do not get from heated air 
although the heated air may be just as pure and fresh as the 
air coming from the outside, it certainly does not have the same 
effect upon the human body. 

That is a question that is a very important one so far as ven- 
tilation is concerned. A good many physicians have claimed that 
in hospitals ventilated with fan systems where the air comes over 
hot steam coils that the patients do not thrive so well as where 
they take air direct from the outside. After all, outside air ven- 
tilation may have certain qualities that you do not get from air 
heated by coils. 
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Secretary Blackmore: In reading the paper the suggestion 
Mr. Lewis spoke of appealed to me strongly, that if the fresh 
air could be brought in without one's feeling a draft one could 
readily see what an advantage it would be. The cool fresh air 
forces the hot air downward and away from the breathing zone ; it 
also carries the odors of the body downwards. The carrying 
of excess heat and odors below the bffeathing zone is very desir- 
able, and has not been given sufficient attention heretofore. 

A Member : It occurs to me that inasmuch as the results from 
introducing the fresh air from the ceiling have been beneficial 
as Mr. Cooke says — ^and I think he has given it as much or more 
study than anybody else — I would like to suggest that they take 
the exhaust fan and use it as a supply fan to bring the air from 
the floor of the car. 

Mr. H. M. Hart: The more positive the quantity of air sup- 
ply and the better its distribution, without any increase of cost, 
the better. I think there is an objection to exhausting air from 
the bottom of the car at one point with a fan. I notice in cold 
weather in some of the street cars in Chicago, where they have 
used this system, people have to sit over or near this exhaust 
outlet or fan, and it creates unpleasant cold drafts on the feet. 
If the air was taken out above or at more numerous outlets and 
at slower velocities I do not think that those cold drafts would 
be so perceptible, and I think better results would be obtained. 

Secretary Blackmore : I would like to ask Mr. Hart how his 
suggestion would work when the car was still ? 

You would have quite a plenum condition in the car. 

Mr. H. M. Hart: You would under all conditions, at all times; 
in other words, it would be a reversal of the Cooke system. The 
Cooke system provides numerous inlets near the floor line and 
numerous outlets at the ceiling, instead of the exhaust system 
it makes it a plenum system with numerous outlets in the floor. 
I know that such a plan has been tried, and I would like to hear 
from Mr. Cooke what he can tell about it. 

Mr. Cooke: That proposition was tried out experimentally, 
and the principal objections were the difficulty in heating the 
incoming air. The use of the Plenum System with the standard 
car construction made it necessary to introduce the fresh air at 
a relatively high velocity, and without a direct contact with the 
units of the car heating system it was thought that cold drafts 
of air would be objected to by the traveling public. For this 
reason the idea was given up. 
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In regard to using the syphon principle for removal of the 
vitiated air at the floor line, the same objection would apply as 
in the case of ordinary natural ventilators or aspirators. Every 
device of this character which has been tested has been found to 
be inoperative during the greater part of the time the car is 
operated. This is due to the fact that the maximum street car 
speed does not exceed 9 to 12 miles per hour, while in the case 
of natural ventilators applied to steam passenger cars, you have 
an operating speed of 25 to 40 miles per hour. The street cars 
make 8 to 10 stops per mile during rush hour periods operated 
at a relatively low speed. Under such conditions none of these 
aspirators would give the desired effect, and for this reason fans 
have been considered essential. 

Mr. H. M. Hart: It does not make any difference whether 
a car is in motion or not, the air is going to get out. Now you 
use an exhaust fan for moving a certain volume of air unheated 
through the Near-Side cars. Do you not? 

Mr. D. I. Cooke : In connection with the Near-Side single 
end cars the standard application of mechanical car ventilation 
was not considered practical for that type of car as it necessitated 
taking the car out of service for a considerable time and also 
rebuilding the car roof to obtain the necessary exhaust chamber 
space. This ventilating installation referred to by Mr. Hart was 
not considered ideal when the cars were equipped, but the City 
Authorities now claim these cars are well ventilated on account 
of the fact that air comes in directly to the breathing zone. Such 
an installation would not be applicable to a double end car, 
and it has not been considered feasible to apply this installation 
to cars which change ends at the end of the route as in the case 
of the standard prepayment type of car. Installation of ventilat- 
ing equipment on cars is difficult because of the limited space 
allowable. In fact, we are only allowed a maximum depth of 
four inches for the exhaust chamber in the car roof in the case 
of the standard system. In this case we make contact with the 
heater coils at the floor line for the fresh air supply. 

The car companies have already made certain distinct changes 
in the car construction to accommodate the ventilating equip- 
ment, but a reversal of their present procedure as regards plac- 
ing the car heaters at the roof line would not be regarded favor- 
ably by them. 
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Chairman Allen : The introduction of mechanical ventilation 
has resulted in a decrease in the cost of car construction, has it 
not? 

D. I. Cooke: Absolutely so. It has also resulted in a de- 
creased weight amounting in some cases to 200 pounds per car. 
The estimated cost of carrying dead weight on a street car is 
figured at approximately five cents per pound per year. 

We considered introducing the fresh air at the roof line with- 
out direct connection to the car heaters, but on account of the 
rapid velocity of the incoming air it was thought impracticable. 
In the case in question the present exhaust chamber was con- 
verted into a Plenum chamber, and the fresh air blown in down- 
ward through fourteen ceiling registers. In this case the air 
pressure was depended upon to take care of the air movement 
outward from the car interior. 

Another reason, this scheme was thought impractical on ac- 
count of the weight of the units of the car heating system being 
such that it would be difficult to properly support them with the 
present roof construction. Another objection was that such a 
change would interfere with the present appearance of the car 
interior. Street car companies are exceedingly jealous of the 
appearance of cars that they pay from $6,000 to $7,000 apiece for, 
and anything that you propose to install which interferes with 
the interior finish or appearance is considered very objectionable. 

The matter of car ventilation is a peculiar proposition in that 
we are attempting to supply something for which there is as yet 
little demand. Street car companies do not, as a class, regard 
the question of car ventilation as one of importance and are not 
anxious to incur the added expense necessary. 

Mr. H. M. Hart: You must remember that people in street 
cars are dressed in their outdoor clothing and if their feet are 
warm they will not object to the draft of fresh air as long as the 
average temperature of the car is reasonable, and as they are 
dressed in their winter clothes and have their hats on they do not 
expose their bald heads. I think that is one condition that pre- 
vails in a street car which would never apply to a theatre. 

Mr. S. R. Lewis: I believe that we are about to stumble on 
something. Years ago when we first began to know Dr. Evans, 
health commissioner of Chicago, we thought he was imprac- 
ticable. The more we came into contact with him, the more we 
came gradually to appreciate the quality of the man and the 
sane ideas which he had about ventilation. His first idea was 



Digitized by 



Google _ 



278 DISCUSSION ON CAR VENTILATION. 

that the proper way to ventilate a room was to open a window 
from the top and let the cold air in so that the cold air would 
be tempered by the heated air normally at the ceiling to a point 
where it would not be objectionable and cause drafts. This way 
of ventilating, when it works, seems to approach ideal ventila- 
tion. One criticism that has been made against modem ventila- 
tion is the tightness of the building construction. These steel 
cars are practically tight. The cold air coming in through these 
various openings mixes with the air already at the car ceiling 
warmed by the direct heaters, until there are no very great 
drafts and we are comfortable. The exhaust system in an ordi- 
nary room with ordinary leaks is most uncomfortable because 
of the cold air coming in through the cracks. It has never been 
proven but that the exhaust system in an entirely tight room 
will give us very much better ventilation than in the plenum 
system, because of the fact that the air may be introduced in 
very many places at low velocity, which is impossible with the 
plenum system, especially when the air handled by the plenum 
system has been already heated. 

Mr. H. M. Hart: Anybody getting into a car can tell in a 
minute whether the fan is running or not, he doesn't have to 
look at the switch. The public when they get into that kind 
of a car all demand ventilation. The car people realize that they 
have to give it to them. 
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CCCXLVIII. 

ELECTRIC HEATING AND ELECTRIC HEATER 
CONTROL 

WILLIAM S. HAMMOND, JR.* 

The highest efficiencies in such apparatus as steam boilers, steam 
engines and electric motors are attained in large and well propor- 
tioned units. In electric heating, however, large and small heat- 
ing units are equally efficient and for this reason electric heaters 
readily adapt themselves for use in locations widely separated and 
in which small amounts of heat are required. Dividing electric 
heat into a large niunber of small units does not, therefore, mean 
loss of efficiency. For this reason electric heaters are admirably 
adapted for the heating of trolley cars where we have a very large 
number of widely scattered units all heated from one central station. 

The high efficiency of electric heaters is due to the fact that the 
electric heater is the only form of translating device in which 100 
per cent, efficiency is realized. It is well known that energy is 
indestructible. It is wholly converted in every translating device. 
It is true that translating devices generally convert energy into 
several forms and, therefore, any one form of energy contain* 
less than the whole. Electrical apparatus generally transforms into 
the desired form of energy less than 100 per cent. Now if the 
theory of the conservation or persistence of force is true, all of 
the energy can be accounted for in some way. Let us examine, 
for a moment, the forms of energy into which electricity may be 
converted, first, mechanical motion; second, chemical action; third, 
fight; fourth, magnetism and fifth, heat. This list, I believe, com- 
prises all possible forms of power into which electrical energy 
may be transformed. 



^Non-Member. Vice-President Consolidated Car-Heating Companj. 
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By reference to the diagram, Fig. 1, I have attempted to show 
you some of these transformations. 

100 UNITS OF ELECTRICAL ENERGY TRANSFORMED. 

By Electrolysis. Motor. Lamp. Elec. Heater. 

Mechanical Action 90 

Chemical Action 50 

Light .. 10 

Magnetism 2 

Heat 50 8 90 100 

Total 100 100 100 100 

I have assumed that we transform one hundred units of elec- 
trical energy by different devices. For example, in the process of 
electrolytic decomposition, the object is to produce a chemical action 
in the electrolyte. This we may assume to be a solution of sul- 
phate of copper in a vessel in which are copper electrodes. When 
we send a current of electricity through this electrolyte, there is 
considerable resistance offered. This means that a certain part 
of the energy of the electric current is transformed into heat in 
the electrolyte. This heating effect takes place absolutely inde- 
pendent of the chemical action and consumes a certain part of the 
electric energy. The proportion of the electric energy so employed, 
which is transformed into heat depends upon the resistance of the 
electrolyte; it being very important that this resistance be made 
as low as possible. As an average condition of the resistance of 
electrolytes, I find that about fifty per cent, of the electric energy 
employed in electrolytic decomposition is transformed into heat in 
overcoming the resistance of the electrolyte itself and the remain- 
ing fifty per cent, is transformed into chemical action. Out of 100 
units of electrical energy employed in the operation of electrolysis, 
we find that no mechanical motion is produced, chemical action 
fifty per cent., no light, no magnetism and fifty per cent, of heat 
is produced, or a combined total efficiency of 100 per cent. If we 
take the electric motor, we find that it is impossible to build an 
electric motor without resistance, and when a current passes through 
this motor we always obtain heat. Therefore, in 100 units of 
electric energy which are transformed in the motor, ninety per 
cent, approximately, may be transformed into mechanical motion, 
no chemical action is produced, no light, two units transformed into 
magnetism and eight units in the form of heat, giving us a total 
of units of energy in these different forms of force of 100, or 
exactly equivalent to the number of tmits of electrical energy 
with which we started. If now, we consider the incandescent 
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electric lamp and transform 100 units of electrical energy, we find 
no mechanical motion is produced, no chemical action, about ten 
per cent, in the form of light, no magnetism and ninety per cent, 
of heat. Of course it is apparent that the so-called efficiency of 
each of these transformations depends upon the useful work which 
we are endeavoring to produce with the electric current. If it is 
the electric motor, ninety per cent, is realized. If the incandescent 
lamp, ten per cent., although, if we were using the incandescent 
lamp as an electric heater, we would call its efficiency ninety per 
cent., instead of ten per cent. We then come to the transforma- 
tion in an electric heater. Again, we will employ 100 units of 
electric energy. We find that there is no mechanical motion, there 
is no chemical action, no light, no magnetism. Heat, therefore, 
must be the only form of energy into which the 100 units of elec- 
tric energy have been transformed. The electric heater, then, is the 
only case that comes within our knowledge where 100 units of elec- 
tric energy may be transformed into 100 units of any other one 
form of force. 

The fixed relation between electric energy and heat makes it 
easy to determine the amount of electric energy which is equivalent 
to a unit of heat. Careful tests have determined upon 1,047 watts 
as equivalent to one British Thermal Unit, or one pound degree F. 
Therefore, it becomes an easy matter to determine the exact amount 
of heat which is produced in electric heaters when the consiunp- 
tion of current is known. For example, if we find the number of 
watts, by multiplying the number of amperes passing through the 
heater by the diflference of voltage of the heater terminals and 
then divide the number of watts by 1,047, we will have 
for a quotient the number of British Thermal Units of heat gen- 
erated in the electric heater per second. If we consider the elec- 
tric heaters in a car to be using as a maximum 12 amperes of cur- 
rent on a 500 volt circuit, we will find that 12 amperes of current 
multiplied by 500 will give us 6,000 watts. Dividing 6,000 watts 
by 1,047, we obtain 5.73 British Thermal Units of heat generated 
in the car per second. Multiplying 5.73 British Thermal Units by 
60 will give us 343.8 British Thermal Units per minute. This is 
equivalent to 20,628 British Thermal Units per hour; or, since a 
British Thermal Unit is the amount of heat necessary to raise 
one pound of water one degree F., the heat generated per hour 
would be equivalent to the raising of 20,628 pounds of water one 
degree F. In this way. with a given consumption of current, it 
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is very easy to determine exact values in heat units, or if we know 
what heat units are required, it is a simple matter to ascertain 
the exact consumption of electric energy necessary to produce this 
amount of heat by means of the electric heater. I think that 
practical experience in the heating of cars has demonstrated that 
it requires about 20,000 British Thermal Units per hour to properly 
heat a twenty foot car body in the latitude of New York State in 
the coldest weather and that this amount of heat should be pro- 
vided as a maximtun. The average requirements during the months 
of the winter when heat is used would not exceed one-half of this 
amount or would be less than 10,000 British Thermal Units per 
hour. 

The amount of heat required to heat a car differs somewhat 
according to the design of the car and the material of which it is 
constructed. Cars of steel construction require at» least 30 per 
cent, more heat than a car made of wood, having the same capacity. 
• The amount of heat required depends upon the exposure to winds 
on lines where they are run and to the care exercised by conduc- 
tors in closing the doors promptly when passengers enter or leave 
the cars. These conditions affect materially the temperature which 
will be maintained in a car by a certain amount of heat. 

The number of people in a car affects quite perceptibly the 
amount of heat required, due to the amount of heat given off from 
the bodies of passengers. The normal temperature of the human 
body is 98 deg. F. The proper temperature in a car does not 
exceed 60 deg. F., so that each person affects the temperature of a 
car in a manner similar to a hot water radiator whose temperature 
is 38 deg. F., above the surrounding air and whose surface is equal 
to the surface of the human body and is partly covered by cloth 
covering similar to the coverings of clothing of the human body. 
Tests seem to show that the body of a man gives out twice as much 
heat as that of a woman. The amount of heat given off depends 
upon the temperature of the surrounding air and is proportioned 
to the difference between the temperature of the air and the tem- 
perature of the body. Twice as much heat is given off by the 
human body in air at a temperature of 22 deg. F., as is given off 
when the temperature is 60 deg., thus 98 deg. — 22 deg. equals 76 
deg. ; 98 deg. — 60 deg. equals 38 deg. The heat given off is, there- 
fore, in the proportion of 76 deg. to 38 deg. or twice as much. 
External temperature and the character of clothing worn have 
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SO entered in the result of tests that the records of the heat given 
out by the human body varies from 198 B.tu. to 400 B.t.u. per 
hour. 

If now we take a car which requires 10,000 B.tu., per hour to 
maintain proper temperature, it will be seen that at the rate of 
199 B.t.u., per person per hour, that 50 people will give out as 
much heat as is required to heat the car. 

This point has a practical bearing in heating cars by means of 
electric healers, in that, if heat is suppHed to a car at a uniform 
rate it will be found to be overheated during those hours of the 
day when the cars are filled with passengers. Some roads have 
established the practice of reducing the heat between certain hours 
when their cars are filled with passengers. This practice allows 
a comfortable degree of heat to be maintained in cars, at the same 
time it allows the use of the extra power for propelling cars at 
the time when travel is the heaviest. 

Automatic regulation of temperature of cars, which we are now 
introducing, very nicely takes care of the hours of heavy travel by 
automatically cutting oflf heat during the rush hours and restoring 
heat when the cars cooKdown below the normal. 

Thermostatic regulation has proven itself to be a great economic 
feature of electric heating. It more than saves its cost every year. 
Where thermostats are not used the tendency is for the conductor 
to turn on the heat and then forget about it. The amount of 
heat and the length of time current is on have but little to do with 
the actual requirements. When the car becomes very hot and a 
passenger complains about it, the conductor proceeds to cut the 
heat all oflf and to open up extra ventilators. The result is a wide 
variation in temperature and an extravagant and useless waste of 
power. 

The introduction of the thermostat for regulating electric heat- 
ing circuits at once corrected the unevenness in temperature of cars 
and, at the same time, aflfected a saving in current varying from 
forty to sixty-six per cent. The greater saving being obtained 
in cities like New York, where the Board of Health, having the 
authority to fix the limits of temperature to be maintained in cars 
by heating apparatus, fixed the limit at 40 deg. to 45 deg. F. The 
forty per cent, saving was secured on cars where the thermostat 
is set to maintain a temperature of 53 deg. to 58 deg., the switch 
being cut out at the higher temperature and the circuit restored at 
about 53 deg. 
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A modern car is constructed of glass and steel and moves 
through the air at such a high rate that changes in temperature 
take place quickly. A change of four degrees will, therefore, 
take place in from ten to fifteen minutes and this is considered 
as frequent as it is desirable to have the main thermostatic switch 
operate. It will be understood that with electric heating circuits 
the moment the temperature reaches the upper limit, the thermostat 
causes the magnetic switch to open and the heating current to be 
cut off. At once heat ceases to be generated and costs for current 
stop. When the car has cooled about four degrees the thermostat 
causes the main heater switch to close, the heaters warm up and 
the temperature of the car rises. This operation is repeated as 
often as it is necessary to maintain the temperature of the car 
within the prescribed limits. A thermostat to regulate heat from 
electric heaters differs from that used in house heating to regulate 
the dampers of a furnace or hot water or steam heaters, in that 
when the fire is burning vigorously and the dampers are operated, 
it takes considerable time before the flow of heat is affected. The 
processes of combustion will continue and temperature will con- 
tinue to rise for some time before the room feels the checking 
effect of the thermostat. It also requires time to revive the fire 
after the thermostat reopens the dampers. With electric heaters, 
however, the control of the thermostat is instantaneous and there 
is no lag of the generation of heat behind the movement of the 
thermostat. The result is a promptness and perfection of control 
of heat not realized by the use of apparatus ordinarily used in 
house heating. 

The cost of electric current makes up almost the entire cost of 
electric heating. It is, therefore, necessary to consider carefully 
the economic use of current in deciding upon any particular plan 
of heating or ventilation which we desire to introduce. 

The ventilation of cars is always a vexed question. So much 
depends upon the construction of cars, the exposure in runs to 
high winds, the rules as to opening both forward and rear doors, 
the habits of the conductors in closing doors promptly when pas- 
sengers enter or leave the cars, that no hard and fast rules can 
be made as to what auxiliary ventilation should be provided. The 
rapid motion of cars drives air through every crevice. The body 
of the car is one continued line of sash, all provided with open- 
ings, overhead, running around the car is a line of deck sash, each 
sash made to rock or swing, and all loosely fitted into a frame. 
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Doors fit loosely and provide numerous opportunities for the admis- 
sion of air. Ventilation through all these sources was considered 
as abundant for many years. However, some new problems in 
ventilation have been introduced in late years, owing to the use of 
steel construction and to a closer and more perfect construction of 
car body, closer fitting sash and double windows for winter use. 

HEAT LEAVES A CAR IN TWO WAYS: 

1st: By warmed air which escapes through openings through 
ventilators, etc. This means that air which leaves a car is replaced 
by fresh air which must enter at some other point. This tends to 
keep the air pure and to ventilate the car. 

2nd : Heat escapes from a car by radiation through glass win- 
dows and by conduction through windows and car walls. Heat 
escapes to the outside air but the inside air does not escape. The 
inside air grows cold but remains inside the car. This loss of 
heat does not ventilate the car but tends to make the air in the 
car impure and cold. It would be better if the escape of heat by 
conduction through the walls could have taken the air with it. 

I regard as of first importance that there should be better heat 
insulation in the walls and ceilings of cars so as to stop as much 
as possible the loss by conduction of heat. Use double windows, 
not so much to prevent air leaks as to provide a dead air space 
between windows through which heat will not conduct readily. 
Double glazing of windows is known to save 33 per cent, of the 
heat escaping through single glazed windows. 

Professor Carpenter records a test of a building where 39 per 
cent, of heat escaped in the ventilation flues and 61 per cent, 
passed by conduction through walls and windows. (Heating and 
Ventilation of Buildings, page 72.) If such a large percentage 
as 61 per cent, of the heat in a car escapes by conduction through 
the walls and windows, there would appear to be good reason for 
studying the problems of conduction through walls of cars to the 
end that this large loss of heat may be prevented. 

I am of the opinion that direct radiation should be provided to 
compensate for the heat losses through the walls and windows of 
cars amounting to about sixty per cent, of the total heat and that 
the reniaining forty per cent, of the heat should be supplied by 
direct indirect radiation, that is by heaters exposed in cars but 
receiving air from the outside. Air should be drawn into a car 
over the heating elements preferably in small units. The source 
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of power for causing the flow of air should be an exhaust fan 
operated by an electric motor. 

I illustrate a form of electric heater, which has been in use for 
many years and it has a form of winding which has survived the 
trials and tribulations of actual service. 

I may use this heater to illustrate points of construction which 
experience has shown to be essential in a successful heater. 

Cars are in operation in which over two miles of bare wire are 
used in the construction of the electric heater equipment. This 
wire is supported upon an insulated core in such a manner that 
neighboring turns of wire have such a small difference of electro 
motive force that the wire may be short-circuited by throwing a 
handful of nails upon the heater without causing a spark to burn 
the wire. The two miles of bare wire are so insulated that no 
vibration can take place and there is no danger of grounding any 
portion of the circuit although large numbers of these heaters are 
in use on trolley circuits of as high as 1,500 volts. 

It is well known that wire expands with heat. The maximum 
expansion of the heating wire in the equipment above referred 
to is over thirty-five feet. Contraction takes place again when the 
circuit is cut off. 

It was part of the problem of constructing the successful electric 
heater to support the two miles of wire so that under no circum- 
stance can neighboring turns come in contact with each other and 
to support it so that jarring of a car cannot disturb the winding. 
It was also a serious part of the problem to provide for the 36 
foot expansion and contraction of the wire which took place 
every time the heater switch is operated. 

In this heater the spring of the coils not only holds the coil to 
the supporting insulator, but also takes up the expansion and con- 
traction without disturbing the position of the coil on its support. 

The indestructible character of this heater is due to the large 
amount of heating surface and to the open winding which exposes 
the wire freely to the air so that heat escapes readily. 

A number of metals are used in constructing the wires of electric 
heaters. Iron wire is used more extensively than all other wires 
put together. When a very high resistance is desired wires of 
nickel and chromium or nickel and copper are found to give good 
results. Wires containing zinc are not suitable for use in electric 
heaters because of the tendency of the zinc element to melt at a 
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high temperature and then to segregate and crystallize. In a short 
time the wire separates and the heater becomes useless. 

Crystallization of zinc often occurs from jarring or vibrating 
a wire, like German silver, at a much lower temperature. 

Such wires as nichrome and the nickel-copper group have a 
very low temperature co-efficient. This means that their resistance 
is but slightly affected by change of temperature. When used in 
heaters and connected across a circuit of a fixed voltage the same 
amount of heat will be given out regardless of whether the air 
surrounding the heater is hot or cold. On the other hand, iron 
wire has a larger temperature co-efficient which means that its 
resistance rapidly increases with rise in temperature. An iron 
wire having a resistance of 100 ohms at the temperature of 32 
deg. F., has a resistance of 200 ohms at 347 deg. F. The result 
is that an electric heater equipment in which iron wire is used 
is in a certain sense automatic. 

If cold air enters the heater, demanding a larger heating effect, 
the high temperature co-efficient causes a larger flow of curreni 
to meet the demand. Anything which prevents the escape of heai 
acts to throttle the flow of current and reduce the rate at which 
heat is generated. This feature is of value especially where heaters 
are used on lines on which there is a wide variation in voltage. 
The high temperature co-efficient causes a more even heating effect 
as cars move over the lines under this varying voltage. 

The amount of current required for heating cars and the cost 
of same will be a matter of interest. 

We have equipped several thousand surface cars in the city of 
Chicago and have made quite a few observations upon them. The 
cars are not all alike but there are several thousand cars of exactly 
the same kind having bodies 32 feet 5 inches in length over cor- 
ner posts and seating 42 passengers. These cars are all equipped 
with fourteen of our cross seat heaters and four panel heaters with 
a maximum rating of 40Q watts each at 500 volts and, therefore, 
having a maximum current consumption of 7,200 watts. The voltage 
at times runs up to 635 volts, so that the maximum amount of heat 
will be somewhat increased. At this voltage the consumption runs 
up to about 7,330 watts. This car has a cubical contents of 1,932 
cubic feet or 3.8 watts per cubic foot. Storm sash are used on all 
cars and we recommend that all cars be so equipped. The same 
amount of heat produces a rise of temperature, thirty-four per 
cent, higher where storm sash are used than where storm sash are 
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not used. These cars conform to the requirements of the city of 
Chicago which requires the cars to be heated to a temperature of 
50 deg. when the outside temperature is 10 deg. F. above zero 
or higher and to 46 deg. F. when the outside temperature is 
below 10 deg. F. 

On February 12, 1913, at 10:00 a. m., the outside temperature 
was 6 deg. above zero and we took at random, ten cars and the 
stationary thermometers in these cars registered temperatures as 
given below: — 







Net Cubic 


Car 


Outside 


Consumption 


Car No. 


Paye cars Type. 


Contents. 


Temp. 


Temp. 


of heaters. 


713 


steel — monitor deck 


1932 cu. ft 


42° 


5°F 


7330 watts 


135 


wood — ^monitor deck 


1932 cu. ft. 


53° 


5°F 


7330 watts 


895 


wood— monitor deck 


1788 cu. ft. 


58° 


5°F 


7330 watts 


923 


wood — monitor deck 


1788 cu. ft. 


56° 


5°F 


7330 watts 


870 


wood — monitor deck 


1788 cu. ft. 


53° 


5°F 


7330 watts 


875 


wood — monitor deck 


1788 cu. ft. 


60° 


5°F 


7330 watts 


1583 


wood — ^arch deck 


1810 cu. ft. 


58° 


5°F 


7330 watts 


1577 


wood — arch deck 


1810 cu. ft. 


52° 


5°F 


7330 watts 


1601 


wood— arch deck 


1810 cu. ft. 


50° 


5°F 


7330 watts 


1699 


wood— arch deck 


1810 cu. ft. 


59° 


5°F 


7330 watts 



It will be noted that car No. 713 was a steel car. The nine 
wooden cars gave a rise of temperature on the average of 50.44 
deg. F. above the outside air. The steel car gave a rise of 37 deg. 
F., with the same amount of heat. This would indicate that the 
steel car should have about 36 per cent, more heat than the wooden 
car for the same rise of temperature. 

The costs of electric heating depend upon the cost of current. 
It still remains an open question as to just what items should be 
charged to electric heating. I am inclined to think that it would 
be but fair for a company considering the advisability of intro- 
ducing electric heaters in their cars to consider, not the total pro- 
portionate cost of current consumed, but rather the additional cost 
of generating the current to supply the heaters. In other words, 
it would not seem just to charge to electric heating such power 
house expenses as would continue the same providing the electric 
heaters are not used. It would be proper to charge only the cost 
of additional current. This cost is covered practically by the cost 
of the additional coal burned on account of the heater load. With 
coal at $2.00 per ton this cost amounts to about .29 of a cent per 
K. W. H. 

The cars in Chicago are provided with a maximum of 7,330 watts 
or 7.33 K.W., so that each hour 7.33 K.W.H., of current would be 
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consumed. At .29 of a cent per K.W.H., 7.33 K.W. would cost 
2.12 cents per hour. This is the maximum current for the coldest 
weather. The average current for the winter season in Chicago is 
about Syi K.W., under hand control or about 2.8 K.W., under 
thermostat control. Many railroads, on the other hand, buy cur- 
rent and pay prices varying from .76 cents, .84 cents, 1 cent and 
1J4 cents per K.W.H., for current. If under thermostat control 
and current costs 1 cent per K.W.H., the average cost of heating 
a car for the winter months will be 2.8 cents per hour. This 
should be multiplied by the number of hours per day that the car 
is in operation to obtain the daily cost. It is to be noted that some 
railroads purchase power on the peak load basis. That is to say, 
the consumption of the day is taken to be at the rate of maximum 
consumption or at the peak of the daily load which comes a few 
minutes before 6 p. m. When a railroad operates under this kind 
of contract it is entitled to use current up to the maximum with- 
out extra cost. This means that there is no extra cost of current 
unless it adds to the peak of the load. It is, however, the peculiarity 
of thermostatic regulation, that the period of peak load is the period 
of crowded street cars and on account of the extra heat from the 
bodies of passengers the thermostats tend to cut current off of the 
heating system for the greater part of the time. Under these cir- 
cumstances it is difficult to determine just what the cost would be. 
It would appear, however, to be very small. 

The application of electric heaters to the heating and ventilation 
of houses is one of the problems of the near future. The high 
cost of current furnished by electric companies makes the use of 
electric heaters for house heating prohibitive. In some parts of 
the far West, however, the cheap current from water power and 
the high cost of coal brings the two sources of heat more nearly 
to a competitive basis. We look for radical developments in this 
field within a few years. 



Digitized by 



Google 



CCCXLIX. 

NOTES ON SUGGESTED FORMULA FOR CALCULAT- 
ING THE NECESSARY AMOUNT OF RADIATION 
FOR HEATING ROOMS BY HOT WATER, PARTICU- 
LARLY APPLICABLE TO THE HEATING OF ALL- 
GAS KITCHENS, BY HOT WATER FROM A FUR- 
NACE COIL OR A WATER HEATER.* 

JAMES A. DONNELLY, MEMBER 

It is not usual to figure the amount of radiation required dur- 
ing average conditions of outside winter weather, but to figure 
the radiation necessary for the lowest outside temperature. The 
formula suggested should be modified in several particulars. 

Under C, it should be stated that the temperature of an un- 
heated space under a room is usually taken as 30 deg., and not 
as the lowest outside temperature. The co-efficient for the floor 
under these conditions is usually considered as 0.1, rather than 
0.3. 

Under D, the temperature of an unheated space over a room is 
usually considered 30 deg., the same as under C. 

Under F, the constant 0.04 provides for two changes of air per 
hour. This is thought to be rather high, 0.02 providing for one 
change of air per hour is usually considered sufficient for good con- 
struction. If the building is of poor construction it may be neces- 
sary to provide for two changes of air, or to increase the co-efficient 
for north or west exposure. 

Under I, it is not thought necessary to increase the northern ex- 
posure by 20 per cent. ; an increase of 10 per cent, is usually con- 



*Thl8 paper was prepared in respouse to an inquiry from the American Gaa 
Instittite, through George S. Barrows, of their committee on Utilisation of Oaa 
Appliances. They submitted a formula for calculating radiation for kitchens in 
wnich the cooking would be done entirely by gas and the formula in this paper 
is recommended as a better one to meet the condltionR. 
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sidered sufficient. If the room is exposed to the east it is not thought 
necessary to increase the heat loss, at least not on the eastern coast 
of the United States. The allowance for eastern and western ex- 
posures might have to be modified for different sections of the 
country. 

Under J, if the water in the radiators is assumed to be 170 deg., 
it is thought that the proper co-efficient of transmission will be 160 
rather than 170 B.t.u. per sq. ft. for 100 deg., difference between 
the radiator and the room. This is based on a co-efficient of 1.67 
(for 2-col. 38-inch radiators; j^r sq. ft. per degree difference when 
the temperature difference is the standard 150 deg. This results 
in the usual co-efficient of 250 B.t.u. per sq. ft. per hour. Assuming 
that this co-efficient of 1.67 for 150 deg. is reduced 2 per cent, for 
each 10 deg. decrease in difference in temperature from standard 
conditions, with 100 deg. difference, it would be reduced 10 per 
cent, and would thus become 1.5. Multiplied by 100 deg. dif- 
ference gives the co-efficient mentioned, 150. 

While it is desirable to have the formula as simple as possible, 
there are other factors which have not been taken into consideration, 
such as different qualities of frame construction, different thick- 
nesses of brick wall, as well as sky-lights, etc. Some data should 
also be available concerning the co-efficients of different heights 
and widths of radiators, pipe coils, wall radiators, etc. 

TO OBTAIN THE SQUARE FEET OF RADIATION RE- 
QUIRED FOR HOT WATER HEATING. 

Add together the following: 

A. Square feet of window surface (if storm windows are used 
multiply by 0.5). 

B. Multiply 0.3 by the square feet of the exposed walls (exclu- 
sive of windows or doors, except where there is a storm door, or 
the door opens to an enclosed porch). 

C. Multiply 0.1 by the sq. ft. of floor, if the room is over an 
unheated space, the temperature of which is taken as 30 deg. 

D. Multiply 0.3 by the sq. ft. of the ceiling if the room is under 
an unheated space, the temperature of which is taken as 30 deg. 

E. Ordinary outside doors, on account of their leakage and 
because of the fact that they usually have a considerable propor- 
tion of glass, are considered as glass surface. Where there is a 
double door or an enclosed porch they are considered the same as 
wall surface. 
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F. Multiply 0.02 by the contents of the room in cubic feet. 
(This allows for one change of air per hour, by leakage.) 

G. Sum of A, B, E and F. 

H-1. Multiply this sum, G, by the difference between the low- 
est outside temperature and the desired room temperature, in de- 
grees Fahrenheit. 

H-2. Take the sum of C and D and multiply it by the difference 
between 30 deg. and the desired room temperature, in degrees 
Fahrenheit. 

I. Add together H-1 and H-2. 

J. Increase this (I) by 10 per cent, if the room is exposed to 
the north or west. 

K. This product J, divided by 150 will give the number of sq. 
ft. of radiation required. 

FIRST EXAMPLE 

Assume a kitchen ell, the room being 12 ft. square and 8 ft. 
high with unheated space both below and above, on the north side 
of the house so that there is one wall exposed to the north and 
one wall exposed to both east and west. There is one window on 
each side of two sides, each window being 6 ft. high by 3 ft. wide 
and one door 7 ft. high by 2^4 ft. wide. The building is in a part 
of the country where the lowest temperature is 10 deg. F., and it 
is desired to keep the room at 65 deg. during the time of greatest 
cold. 

A. Square feet of window surface — 2x3x6 equals 36 B.t.u. 

B. 0.3 by the square feet of exposed wall surface (subtract sur- 
face of windows and doors 0.3 by (3x12x8)— (2x6x3) plus (7x2.5) 
equals 73.3. 

C. .1 multiplied by sq. ft. of floor — 12x12 equals 14.4. 

D. .3 multiplied by sq. ft. of ceiling 12x12 equals 43.2. 

E. Square feet of door surface — 7x2.5 equals 17.5. 

F. .02x12x12x8 equals 23.0. 

G. Sum of A, B, E and F equals 149.8. 

H-1. Multiply this sum by 76 (difference in temperature be- 
tween 10 deg. F and 66 deg. F.) equals 10,235 B.tu. 

H-2. The sum of C and D, 59.6, multiplied by 35 (difference 
in temperature between 65 deg., F. and 30 deg. F. 2,051 B.t.u. 

I. The sum of H-1 and H-2 equals 12,286 B.t.u. 

J. Increase this by 10 per cent, for north and west exposure 
13,514 B.tu. 

K. Divide this product by 160, equals 90 sq. ft. radiation. 
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SECOND EXAMPLE 

Assume a kitchen ell the same as in example number one, with 
the exception that the spaces above and below are heated to the same 
temperature as the room. 

The heat loss will then be a total of A, B, E and F, as in the 
first example. This will be a total of 149.8 B.t.u. for each degree 
diflference. 

This multiplied by the 76 deg. difference will give a total loss of 
10,236 B.t.u. 

Increasing this by 10 per cent, for north and west exposure 
gives an extra loss of. 1,023 B.t.u. which added to 10,235 gives 
11,268 B.tu. as the total. 

K. Dividing this by 160 gives the square feet of radiation, 75 
sq. ft. 

DISCUSSION 

Mr. Jas. A. Donnelly: I might say that this variation of 2 
per cent, for each 10 degrees above was developed by Mr. C. A. 
Fuller of our Society in some of his work in New York. It 
seems to agree very closely with the coefficient as given by 
Professor Carpenter. 

Mr. Geo. S. Barrows : This question of the proper amount of 
radiation for houses, particularly for kitchens, has come up 
because we, of the gas companies are very anxious to put in 
what are called all-gas kitchens; that is, to equip kitchens so 
that there shall be no coal range; and it is entirely practicable 
to do this if the kitchen is heated. But if the kitchen is only 
heated by means of the ordinary gas range which is. a very'inef- 
ficient heater necessarily because it is constructed so as to con- 
serve as much heat as possible, the gas bills will run up pretty 
rapidly. 

Manufactured gas for heating at the present prices will not 
compete with coal unless one is willing to pay something for 
the cleanliness and convenience. I am speaking now of manu- 
factured gas at prices down as low as 80c, compared with hard 
coal at around $6 or $6.50 a ton. There are being designed at 
the present time a number of gas heaters for use in the kitchen 
such as a gas heated steam radiator; but in all probability the 
most desirable means of heating the kitchen is from a boiler 
fired by coal placed in the cellar, and the heat in the kitchen 
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obtained by radiation from a suitable radiator placed in the 
kitchen and in series with the ordinary domestic supply of hot 
water. 

The question of the proper formula for determining radia- 
tion was brought up because canvassers who have had no ex- 
perience in estimating hot water radiation must be able to talk 
to the householders and tell them about how much radiation is 
needed and what size boiler should be used. That question I 
think has been pretty thoroughly answered by Mr. Donnelly, 
and I am very glad indeed that he has given such an interpreta- 
tion to the formula. I think we will probably be able to make 
very good use of it and the data which I am sure will be avail- 
able before many seasons go by, we will be very glad to submit 
it to you if you care to have it. 

We have considered several different formulas, a number of 
which possibly do not pay quite so much attention to the ex- 
posure of the room as does the formula that Mr. Donnelly has 
given. We feel that we should pay some attention to it, because 
it is very desirable that the kitchen should have all the heat that 
is necessary. We consider the average low temperature as well 
as the lowest temperature, because in some places the consumer 
will wish to pay less for the installation putting in a small 
amount of radiation and a smaller boiler, and when it is neces- 
sary to get additional heat during the coldest weather, then run 
the gas range and heat from the oven. That is not the most 
desirable method, but in some cases the local conditions may be 
such that it will be more desirable to do so. 

In all cases we are going to suggest that they put in radiation 
sufficient to take care of the coldest weather. 

We are going to suggest, and would like some expression of 
opinion from you, that they put in a heater or boiler which will 
be amply large. From some of our investigations we have 
found that the smaller heaters require constant attention in 
order to keep the fire going properly. That of course is due to 
the chilling effect of the water on the fire. Also the small heaters 
all have shaking or drop grates which for the ordinary woman 
who is running a kitchen are difficult to shake down properly. 
She will not shake the grate enough, or else drop the whole fire 
in the ash chamber. It has seemed to us that probably a duplex 
or triplex rocking grate would probably be much more desirable. 
That would mean a somewhat larger boiler. 
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PROGRESS IN GAS HEATING SCIENCE 

O. J. KUENHOLD 

The scientific design of gas warm air furnaces and hot water 
boilers is one of growing importance. 

Each year sees more buildings heated with both natural and 
artificial gas. 

At the present time heating with natural gas is undergoing 
remarkably rapid extension, but within the next ten to twenty 
years heating with manufactured gas will unquestionably make 
equally rapid strides. 

Natural gas has the great advantage of low cost as compared 
to coal gas. It is used extensively in the states of New York, 
Pennsylvania, Ohio, Indiana, West Virginia, Kentucky, Okla- 
homa, Kansas, Arkansas, Missouri, California, and others, as 
well as the provinces of Ontario and Alberta in Canada. 

In many cases the gas is conveyed by means of pipe lines to 
cities several hundred miles distant from the gas fields. 

The permanence of these gas fields has been the subject of 
much attention. The generally accepted opinion is that the best 
of the present fields will probably last at least another genera- 
tion and probably longer. New fields are also being discovered 
and developed. 

It is to producer gas, however, to which gas engineers look 
for the greatest possibilities in relation to heating buildings. 
Producer gas can be made much cheaper than illuminating gas. 

When illuminating gas is distilled from a ton of coal there is 
three-quarters of a ton of coke left. Whep producer gas is 
generated from coal there is nothing left but ashes. The cheap- 
est grades of coal may be used, so poor in quality that it hardly 
pays to ship it from the mines. 

The logical development in the gas industry is to place the 
gas producing plants at the coal mines, generate the gas there 
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and transport it to distant cities. This would eliminate the 
quite considerable expense of sorting, screening, handling, stor- 
ing, transporting, etc., and attending losses, which are necessary 
under the methods at present in vogue. 

Indeed some gas producer engineers go so far as to say that 
hoisting the coal from the mine to the surface is unnecessary 
expense and that the gas producer should be placed in the mine 
and generate the gas there. 

Referring again to illuminating gas as now made in cities, as 
a fuel for heating buildings. There are a number of facts point- 
ing out the probable future development in this direction that are 
food for thought. 

City gas has been steadily dropping in price during the past 
twenty years, while the price of coal has with equal steadiness 
advanced and will most surely continue to do so. 

Electric illumination is making such inroads into gas sales 
that the gas companies must develop other fields than gas illumi- 
nation, in order to dispose of their output. 

Many gas companies are oflfering special rates, where gas is 
used for heating purposes and are finding it a profitable venture. 
This move is spreading rapidly. A notable example is — St. 
Louis where about two hundred buildings are heated by manu- 
factured gas. 

People are demanding comfort, cleanliness and convenience 
in their homes, and many are willing to pay an increased amount 
for gas fuel to eliminate coal and its attending evils from their 
residences. 

The damage done by coal smoke in cities is being realized and 
initial steps are being taken to prevent it. The United States Gov- 
ernment is making extensive investigations upon this subject. 
As an illustration of this trend — New York City has an ordinance 
permitting only anthracite coal to be used. 

These few facts show how the price of heating with coal as 
compared to manufactured gas is approaching closer and closer 

In many cases circumstances make even expensive coal gas 
so much more desirable than coal as a fuel, that coal is out of 
consideration. 

One example of the above is in private garages. These must 
be heated to prevent the automobile radiator from freezing; 
make starting the engine easy ; and for many other reasons. 
The method of heating must be rapid, convenient, clean, com- 



Digitized by 



Google 



PROGRESS IN GAS HEATING SCIENCE. 301 

pact, and last, but by no means least, the heater must be safe when 
gasoline fumes occur. Gas heat offers the only solution. 

In some sections of the country such as southern California, 
the weather is warm during the day but quite chilly at night. 
To heat with coal demands building a fire every morning. In 
mild weather coal heating appliances are difficult to control and 
are very inefficient while gas appliances are highly efficient in 
comparison. Under circumstances such as these, gas furnaces 
or boilers represent a convenient and economical solution. 

In comparing the efficiencies of gas furnaces or boilers to those 
of coal furnaces or boilers, there is one point which should be 
noted. 

Every coal heater has its maximunl efficiency at a certain rate 
of combustion. When this rate is exceeded the efficiency drops. 
Also when the rate of combustion is less the efficiency drops, 
because of decreased temperature in the combustion chamber. 

In gas furnaces or boilers wherein the air supplied for com- 
bustion is regulated separately to each burner as described here- 
inafter, the efficiency increases and the lower the rate of gas 
combustion, the higher the efficiency. With chimneys of good 
natural draft and well laid out heat distribution an efficiency of 
close to 100 per cent, is at times attained. Now this is a very 
important factor in determining the comparative fuel bills. 

In a climate like Cleveland, for instance, the average tempera- 
ture during the severe months is 38 degrees. The house tem- 
perature is therefore raised on an average of 32 degrees during 
2/3 of the day and 22 degrees during 1/3 of the day. The aver- 
age rate of combustion of fuel is therefore low. This results 
in lower average efficiency for coal furnaces and higher average 
efficiency for gas furnaces than is shown by laboratory tests, 
as same are usually made. 

Besides the above there is another factor which plays an im- 
portant part: — In coal furnaces or boilers the skill of the oper- 
ator has much more influence than in gas heaters, so that the labora- 
tory efficiencies of coal heaters are further reduced by what may 
be called a "factor of foolishness." 

For these reasons, in estimating gas bills on proposed replace- 
ments of coal heaters, the writer submits the following com- 
parative percentages of efficiency, as in his opinion giving as 
accurate results as may be expected under the many varied con- 
ditions which influence the actual results. 
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With coal at $5.00 per ton about six million heat units arc 
obtained for a dollar. With natural gas at 30 cents per thousand 
cubic feet only about three and one-third million heat units are 
obtained for a dollar. In order for natural gas to compete with 
coal as a fuel it is nec-essary to obtain a much higher efficiency. 
Since in using gas all the factors making for higher efficiency 
are much easier to obtain natural gas furnaces or boilers properly 
designed can be operated at about the same price as coal cost- 
ing $4.50 to $5 per ton, and about 30 per cent, cheaper than 
anthracite coal at $7 per ton. 

The efficiency of a coal furnace or boiler under the usual con- 
ditions probably averages less than 50 per cent, for the entire 
winter, while a good gas furnace should average close to 90 
per cent. 

Experience with several hundred cases where gas furnaces 
were installed in place of coal furnaces, and the fuel bills com- 
pared, indicates that the rates of the efficiencies of gas and coal 
furnaces must be quite close to the above. 

This gives us a basis which may be used in estimating the 
probable cost of heating with gas as compared to coal, provided 
that we know what the coal bills have been for the house con- 
sidered, the heat unit value of the gas, and the cost of both the 
coal and the gas. 

To illustrate this assume that for a certain house the coal used 
during an average winter amounted to 10 tons at $8.00 per ton 
probably containing 14,500 heat units per pound. At an assumed 
average furnace efficiency of 50 per cent., which is high, this 
would amount to one hundred and forty-five million heat units 
put to use in order to heat the building all winter. 

Comparing this with manufactured gas of 600 heat units per 
cubic foot at a special rate of 60 cents per thousand cubic feet 
and taking as our basis 90 per cent, gas furnace efficiency, the 
same house would require 270 thousand cubic feet of gas, which 
at 60 cents per thousand would cost $162, as compared with 
$80 for coal, considering fuel cost only. 

But in order to make an accurate comparison there are other 
items to be considered. A complete comparison would be about 
as follows: 

COST PER YEAR OF HEATING WITH GAS. 
Fuel used $162.00 



Digitized by 



Google 



PROGRESS IN GAS HEATING SCIENCE. 303 

COST PER YEAR OF HEATING WITH COAL. 

Fuel used 80.00 

Kindlings 2.00 

Hauling ashes 5.00 

Damage to house and furnishings by coal and ash dust 30.00 

Repairs and cleaning furnace 10.00 

Attending labor and inconvenience (seven months at $5 .CO per month) 35.00 

TOTAL COST $162.00 

It is assumed in the above that the gas furnace is under auto- 
matic control. 

In order to heat with gas at the high efficiency necessary to 
compete with coal, the furnace or boiler must be designed espe- 
cially for gas. In fact we should go even further than that, we 
should design it for the kind of gas to be used, just the same as 
a coal furnace or boiler should be designed for the kind of coal 
to be used. 

Experience in replacing coal furnaces using gas fuel, by fur- 
naces designed especially for gas, shows a saving averaging 
not less than 33 per cent, and ranging from 20 to 70 per cent. 

By examining the most successful gas furnaces and boilers it 
will be noted that a sort of a school of design quite different from 
coal furnaces and boilers has been developed. This probably is 
in accordance with the laws of "natural selection" and "sur- 
vival of the fittest" maintaining in engineering practice. It is 
another verification of the contention of the writer that gas fur- 
naces should be used for gas and coal furnaces for coal. 

In approaching the problem of gas heater design it should be 
borne in mind that two distinct functions are required of the appli- 
ance. The first function is the generation of heat from gas. The 
second function is the transmission of this heat to the heat con- 
veying medium. By heat conveying medium is meant the air in a 
warm air furnace, or the water or steam in a hot water or steam 
boiler. 

It is of vital importance that the first of these functions, i.e., 
the generation of the heat, is entirely completed before the 
transmission of the heat is begun. Both of these functions can- 
not be efficiently performed at the same time. 

Unless this most essential requirement is fulfilled perfect com- 
bustion of the gas is impossible. 

Let us consider these two functions one at a time, taking up 
first the generation of the heat, or in other words, the combustion 
of the gas. 
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We will not look into the details of burner and mixer design, 
but consider only the essential requirements for perfect com- 
bustion of which there are only three, but these three are as 
essential to complete combustion as length, breadth and height 
are to solid geometry. 
. The first is — Proper proportion of air and gas. 

Second — Thorough intermixture of air and gas. 

Third — A high enough temperature to make a complete chemi- 
cal union of the oxygen in the air and the hydrocarbons of the 
gas possible. 

Unless all three of these conditions are fulfilled, complete 
combustion and therefore the generation of every possible unit 
of heat cannot be achieved. 

The usual procedure in constructing gas heating appliances 
is to install a burner, leaving the proper air supply to chance 
and making no effort to maintain a high enough temperature in 
the combustion chamber. 

A burner or group of burners alone applied to a gas furnace, 
cannot give the best possible results. A complete system of com- 
bustion is necessary. 

The writer has developed what he calls the SCIENTIFIC COM- 
BUSTION SYSTEM and this will serve to illustrate the principles 
herein set forth. 

In this system two or more oblong burners are arranged side 
by side. Above them is a combustion chamber, insulated on all 
sides to prevent appreciable loss of heat. Between the burners 
are cast iron partition plates extending down to the floor plate 
about 10 inches below the top of the burners. 

Each burner therefore is in a separate compartment. 

At the rear of each compartment is a rectangular opening 
having a shutter pivoted near the center. The air required for 
combustion is admitted through this opening. The shutter is 
connected by means of a rod to a little lever underneath the 
gas valve in front of the heater in such a way that when the 
gas is turned on to any particular burner, the air supply shutter 
of that burner compartment is opened in proportion to the 
opening of the gas valve. 

By this arrangement if one burner is turned on full it will 
receive the full air supply. If another burner is turned on part 
way then the air shutter for that burner compartment will be 
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opened only part way. Each burner will always receive only 
the amount of air required. 

In order to illustrate the advantage of this arrangement com- 
pare it with any furnace not having it. If in the latter in mild 
weather one burner is turned on this will naturally induce a 
draft. The draft will draw air through the heater at those 
burners not being used and this air not being used absorbs a 
considerable proportion of the heat generated by the burners in 
use, cools the inner surfaces of the furnace or boiler and carries- 
this heat up the chimney. 

In the SCIENTIFIC SYSTEM if one burner is turned on, 
this burner only receives just the amount of air needed and no 
surplus passes through the heater. 

The second requirement mentioned, referring to a thorough 
intermixture of the air and gas is largely a matter of proper pro- 
portion of the burner and mixer. The stream of mixed air and 
gas is broken up into a number of jets. Each jet should issue 
from a raised stool or nozzle, all so arranged that air will be 
supplied to each separate jet all around. 

The third essential is that there should be a sufficiently high 
temperature in the combustion chamber to make perfect com- 
bustion possible. It is this requirement that is so often violated 
in many gas boilers and furnaces upon the market. 

In most gas boilers the bottoms of the hollow water sections 
are extended downward into the flame. 

At first thought one would regard this as a highly desirable 
arrangement. But let us stop and think a moment what then 
happens. 

The bottom of the water section has an average temperature 
in a hot water boiler of 150 degrees. The tip of a gas flame has 
a temperature of about 3,000 degrees. The difference in tem- 
peratures is 2,850 degrees. 

The cast iron has a chilling influence upon the flame almost 
thirty times as great as a piece of ice upon the human body. 

What actually takes place is this : — Whenever the flame comes 
close to the casting its temperature is reduced below the igni- 
tion point and that part of the flame is extinguished. It is in 
fact a chemical impossibility for the flame to come into actual 
contact with any surface the temperature of which is lower than 
the ignition temperature of the flame. 
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There is also anothei: thin zone around the water section in 
which while the temperature of the flame is reduced it still per- 
mits the gas to be partly consumed to carbon monoxide, a deadly 
poisonous gas. It is this gas which causes the peculiar pungent 
odor which may be noticed in the flue gases where a gas flame 
is chilled by contact with water coils or castings. 

The proper course to pursue is never to permit a gas flame 
to come into contact with any surface cooler than itself, if effici- 
ency is the prime object to be attained. If the necessity of this 
principle were more fully realized, heating with gas would be 
more popular. 

The main idea is this: — 

First get complete combustion. When combustion is com- 
pleted, but not until then, begin transmitting the heat into the 
air, water or steam as the case may be. 

The cases in which exception may be made to the above is 
where speed is of prime importance, such as r\ instantaneous 
water heaters, or in cases where it is not practical to encase the 
flame so as to prevent the escape of heat. 

Now having disposed of the first function of a gas furnace 
or boiler, we may consider the second which is to transmit the 
heat into the circulating medium. 

The end aimed at in this is to extract as much heat as possible 
from the products of combustion, allowing only enough heat to 
remain in them to create a proper draft. 

The burnt gases in passing through the furnace should be 
retarded as much as possible, but at the same time must travel 
fast enough so that they leave the combustion chamber as fast 
as generated, otherwise the flame may be partially smothered. 

The draft may be retarded to advantage, much mqre than in 
a coal furnace. 

A sufficient heat transmitting surface is necessary, however. 
It should be remembered that baffle arrangements, choked off 
dampers, etc., cannot be made a substitute for heat transmitting 
surface and proper interior circulation. 

The length of travel of combustion products must be much 
greater in proportion to the cross sectional area, than is the 
practice in coal furnaces and the flue passages should be consid- 
erably smaller to obtain best results. 

The vent pipe should preferably be attached at a low point. 
Hot gases rise, and cooled gases settle down. Let them settle 
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down in the interior of the heater first, then carry them to the 
chimney. 

And finally — ^the direction of travel of the burned gases and of 
the air or water should be in opposite directions. This the writer 
calls the principle of opposed circulation, and it is of great im- 
portance, although not used very much in furnace and boiler 
design. 

To illustrate this principle let us examine the average gas 
boiler. The water enters at the bottom and leaves at the top. 
The products of combustion also enter the heating space at the 
bottom and leave at the top. Both travel in the same direction. 
This does not render the highest efficiency. The air or water 
should travel in opposed directions. In other words, the exhaust 
gases should leave the heater at the part where the cold air or 
water comes in, that is, at the part of the heater where they can 
be cooled to the lowest possible temperature before going to the 
chimney. 

The incoming water or air should travel toward the hottest 
part of the heater and just before it leaves is exposed to the 
hottest gases as they leave the combustion chamber. 

With ample heating surface and the observance of the above 
principles flue gas temperatures as low as 100 to 120 degrees 
can be obtained and an efficiency of close to 90 per cent. 

Experience also shows that it would be safe to guarantee that 
the furnace or hot water boiler shall never exhaust the gases 
to the chimney as high as boiling temperature. 

In hot water boilers the vent pipe to the chimney will always 
be at a lower temperature than the outgoing water. 

Another desirable essential of high grade design may be men- 
tioned. The air or water passing through the furnace or boiler 
should not be baffled or retarded any more than is absolutely 
necessary, so that it can flow through the heater freely and have 
the strongest and most rapid possible circulation. The quicker 
that the circulating medium flows through the heater the more 
heat will be carried away. 

By inspecting some warm air heating plants one notices that 
extreme precautions are taken to provide free and easy flow of 
the air through the leads, but in the furnace the air is baffled in 
* every conceivable way. This is not consistent. 

In some sections of the country gas furnaces are not popular 
because the gas pressure is unreliable in winter. In such cases 
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there are plenty of reliable auxiliary furnaces upon the market 
which can be attached to the side of a coal furnace so that the 
gas may be used with efficiency, but not as high as where the 
gas furnace is installed in place of a coal furnace. 

All gas furnaces or boilers should preferably have arrange- 
ments for the temporary use of coal in case of emergency. 

From the foregoing article it will appear evident that it is 
extremely unlikely that a furnace or boiler can be designed 
which is highly efficient both with coal and gas fuel. The two 
problems are so different in many ways, that the furnace must 
either be primarily a good coal furnace, a good gas furnace, or 
else a compromise between the two. 

Where the highest efficiency is demanded as in artificial gas 
territory, hot water systems and vacuimi systems, in which 
about 8 inches of vacuum may be maintained upon the system 
at the boiler, give considerably better economy than low pres- 
sure steam systems, in the experience of the writer. 

In closing he invites criticisms or discussion upon the state- 
ments in this article. 

DISCUSSION 

The discussion of this paper was included in the discussion 
of the topic, "To what extent can manufactured gas be utilized 
economically in heating?" 

Mr. R. P. Bolton: "To what extent can manufactured gas 
be utilized economically in heating?" I have recently completed 
a prolonged investigation which throws considerable light on 
this subject, and affords evidence that the use of gas is econ- 
omically practicable in house heating work, where it will dis- 
place labor and fuel over quite a substantial portion of the heat- 
ing season. The interesting facts which the observation estab- 
lished are, first, that a very small use is made of a heating plant 
during the latter part of the heating season in New York City, 
and that this condition is accompanied by an excessively costly 
steam production during such moderate periods of usage. 

I hope to be able to present the details of these observations 
with another series to be extended over the first part of the 
ensuing heating season, in a paper at the annual convention of 
our Society in January. 

The building in which the observations were conducted is a 
seven story business building heated by low pressure steam 
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raised in an Acme heating boiler and supplying about 1,600 
square feet of direct radiation. The basement and first floor 
are heated by an indirect system. The operation of the plant 
during the period of observation which commenced on the 28th 
of February, was carefully watched, and all condensation from 
the radiators was measured by a meter which was calibrated on 
several occasions ; all coal was weighed out and also the ashes, 
as removed. 

The coal which was used is an tgg anthracite of excellent 
quality, costing $6.50 per ton of 2,000 pounds. The labor con- 
sists of one man who was paid at the rate of $10 per week. 

The average evaporation per pound of this fuel from and at 
212 degrees fell from an average of about 8.3 pounds at the 
beginning of March, to a low point of 7/10 of one pound of 
water, per pound of coal, in the last week of the observations, 
ending May 16th. The percentage of unconsumed material re- 
moved from the ash pits rose from an average of about 17 per 
cent, to as high as 27 to 31 per cent., by weight. 

The efficiency of the boiler declined from an average of 64 
per cent, to ISyi per cent., and during the last week was only 
5.5 per cent. 

The actual cost of fuel during the last eight weeks of observa- 
tions was $93.13, and the cost of labor was $80, making the 
total $173.13. The comparative cost of city gas at 80 cents per 
thousand cubic feet for the same period, assuming an efficiency 
of evaporation of 90 per cent., would have been $168.17, so that 
the use of gas during these eight weeks would have been nearly 
$5 cheaper. During the last four weeks of the test, there would 
have been a direct saving of $48.64 by the use of gas. 

It would appear reasonable to assume that during the early 
period of the forthcoming heating season, very similar heating 
conditions would be in existence, and a comparison of the aver- 
age temperatures of last year's heating season shows that the 
mean was almost exactly the same for the first eight weeks of 
the heating season, as for the last eight weeks of the heating 
season ; the one being 19.8 degrees and the other 49 degrees. 

The observations thus appear to demonstrate that even at 
the price of 80 cents per 1,000 cubic feet, manufactured gas 
could be utilized economically for house heating over a period 
of about sixteen weeks. The total heating season in New York 
City was thirty-two weeks, and therefore these conclusions 
apply to one-half of the total heating season. 
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Secretary Blackmore: I think that Mr. Bolton's paper comes 
as a revelation to most of you. I know it did to me, for while 
it had been my belief that at the beginning and end of the heat- 
ing season gas could be used to some advantage, I had no idea 
that it could be used for one-fourth of a season at the same rate 
of economy as coal. 

Mr. H. M. Hart : In reference to the discussion of Mr. Bolton 
which compares the cost of heating by gas with the cost of 
heating by coal, the Prentice Co. in Chicago at one time kept 
some very careful records of the cost of heating with gas at 50c 
per 1,000 cubic feet ; we found that taking the whole season, the 
cost of heating by gas equalled the cost of heating with coal at 
$16 per ton; and a great many people after keeping the rec- 
ords themselves took out the gas, feeling that they would rather 
have the inconvenience and the dirt and the expense of shoveling 
coal and handling ashes if they could save money in the end. 
The gentleman that gave the paper on gas brought out a very 
interesting point to me that I think is worthy of some thought 
as applying not only to the burning of gas but of coal. He 
claims that the combustion chamber should be so constructed 
that the flame will not strike the cold parts of the boiler. I 
think that same rule should apply to house heating boilers and 
coal burning boilers. I think there is considerable loss in the 
combustion of coal on account of the water jacket extending 
down below the bed of the fire so that the gases in the flame 
cool when they strike the colder iron of the boiler and thus do 
not fully ignite. I think if the fire-box of a house heating boiler 
was thoroughly insulated with some good insulation, or if the 
water was kept above the bed of the fire, that a great deal more 
efficiency would be gotten from the fuel. 

A Member: One thing that should be borne in mind gen- 
erally is that if you take a coal burning furnace and put burners 
in it and then make a comparison of the cost of gas as compared 
with coal you will get a wrong perspective on it. The problem 
is different entirely. In a coal burning furnace the leading 
factor in the amount of combustion is the draft. In other words, 
the draft makes the fire, whereas the gas furnace is just exactly 
the reverse, the fire makes the draft ; and there are a good many 
other points of difference between the two, so that the problem 
is entirely different, and the g^eat trouble is that those who 
design gas furnaces try to design them along coal furnace lines, 
or they try to make what is called a combination furnace, which 
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has been defined by one disappointed customer as a combination 
between men who build furnaces and those who sell them. The 
combination furnace as used in Cleveland which has gas burn- 
ers installed will as a general rule run almost 50 to 100 per cent, 
more in cost than coal at $4.50 or $5 a ton; whereas with a 
properly designed gas furnace you could get the same results 
that you can with coal. When compared with hard coal you 
can save 30 per cent, of the coal bill almost invariably. That 
would be in using 30c gas, 1,000 B.t.u. per cubic foot. 

Mr. Jas. A. Donnelly: There is another perspective of this 
combination use of coal and gas that I have run across, and that 
is that when we get very severe cold weather the demand for 
natural gas usually increases until the pressure is so low that 
the supply becomes inadequate and then the man who has been 
using a gas furnace has to resort to coal. I have had some 
experience in some towns of that sort, where when cold weather 
comes around everybody has to resort to coal because they can- 
not get sufficient gas. With reference to Mr. Bolton's figures 
in New York, it would be interesting to have his comparison 
leaving out the cost of labor. Ten dollars per week for a man 
is of course pretty cheap ; yet we have to consider that in most 
of our small installations the labor cost is negligible because the 
occupants of the house attend to firing themselves so there is 
nothing paid out on that account. Again, when a man is em- 
ployed at say $10 a week unless it is a fairly large building he 
is not employed all of the time in taking care of the boiler and 
usually the occupants of the building find other things for him 
to do for which they would have to pay a considerable amount 
if he was not firing the boiler ; so that a fair perspective of these 
costs would necessarily eliminate some of the labor cost. 

Mr. H. M. Hart : You would also have to take into consider- 
ation that while you may save for eight weeks at the lowest or 
say eight weeks at each end of the season, I do not think that 
there is any interchangeable grates that can be readily installed 
without some expense for removing burners and putting in grates, 
which would add some expense if you were to switch in the 
middle of the year. 

Chairman Allen: The thought occurs to me that perhaps it 
might be possible to improve the steam boiler burning coal so 
that we would have better efficiency in mild weather. There are 
two sides to the question. 
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Mr. Greo. H. Barrows: Taking up the question of house heat- 
ing, it is a subject which of course we have studied very exhaus- 
tively both as applied to natural and manufactured gas. As I 
understand the figures given by Mr. Bolton they were given actu- 
ally from coal and it was assumed that he could do with gas 
certain things. He took 90 per cent, as the efficiency of his gas 
heater. I think he will have some difficulty in getting 90 per 
cent, efficiency. It is necessary for the flue products to go off 
at a high temperature in order to get rid of them, unless a fan is 
installed. When burning gas perfectly there is no carbon mo- 
noxide, but the water vapor and carbondioxide in the products of 
combustion are considerably heavier than air and they will only 
rise so long as they are kept at such a high temperature that they 
will be lighter than air. 

In the City of London where a large percentage of the heat- 
ing is by open fire-places, in a two or three-story house gas is 
used very successfully, but in the houses of four or five stories 
they have a great deal of difficulty, simply due to the blanketing 
eflfect of the products of combustion which are cooled before they 
get out of the chimney. Particular attention must be paid to 
that. The products of combustion pass from the heating device 
at a fairly high temperature and therefore a relatively large 
amount is lost by convection. 

The average circulating water heater in use to-day operates 
at an efficiency around 60 per cent. The average instantaneous 
heater will operate around 75 per cent. With a properly designed 
device it may be possible to get a somewhat higher ratio than 
that; but probably 80 per cent, is about as high as can be 
obtained. 

In the spring and fall there is available a larger amount of 
gas heating than we realize, by means of auxiliary heat appli- 
ances placed next to the steam boiler, hot water heater or hot 
air furnace in the cellar. The main appliances being coal fired 
are allowed to go out say the middle of April, and the gas fired 
auxiliary plants started up and burned for a half hour or hour 
in the morning or evening when necessary, or even turned on 
for a day or two at a time during a cold spell. Where gas sells 
at $1 it is much more convenient and in all probability is about 
as cheap as coal for such short periods. In St. Louis it is said 
there are about 200 buildings heated by gas, the price of gas 
on a sliding scale being as low as 60c. Compared with cheap 
river coal the average cost of the gas heating is from two to 
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three times that of coal; accordingly gas heating is only con- 
sidered desirable where cleanliness or convenience are objects. 
It is being used by all classes of consumers, both those to whom 
expense is no object and those to whom expense is a great object 
but at the same time cleanliness and convenience are greater. 

When a woman has to do her own work, the fire makes her 
a certain amount of labor, and she is willing to pay more for 
fuel and less for laundry, and for that reason the use of gas for 
heating is being extended quite rapidly. 

We feel in the gas associations that we must have the co- 
operation of such a Society as this ; and it is a very great pleasure 
to me to be able to express to you here our appreciation that 
you have taken up this subject as you have ; I trust that it may 
lead to a closer co-operation in the future. 

Secretary Blackmore: Mr. Chairman, the question of com- 
bustion always comes up in a discussion on house heating boilers ; 
and I feel that I could not let this opportunity go by without 
saying something. Mr. Hart raised the question of the value of 
water jacket fire pots. If you go back to the early days of 
boiler construction you will find that the majority of boilers 
were then made with the lower part of the fire box of fire brick. 
They were afterwards made with a cast iron water leg down to 
the grate. The question resolves itself wholly into that of the 
rate of combustion in the fire box, and the rate of combustion 
depends upon the draft supplied and the temperature in the fire- 
box. If ideal combustion takes place it is quite immaterial how 
much water surface you have around the fire, but the moment 
the combustion slows down to two or three pounds of coal per 
square foot of grate per hour, there is a difficulty in maintain- 
ing a temperature high enough to maintain good combustion 
when the fuel is in contact with a water jacket. A certain 
amount of the gases under such conditions will escape uncon- 
sumed up the chimney. The house heating boiler has to run 
between a wide range of combustion and the manufacturer has 
to make a boiler to suit average conditions and boilers under 
average conditions give good results with a water leg around 
the fire box. On a low rate of combustion the fire brick fire box 
would have some advantage but not sufficient to displace the 
water leg fire box. 

Whether g^s will become popular for use at the beginning 
and end of the season is very largely dependent on the develop- 



Digitized by 



Google 



314 DISCUSSION ON PROGRESS IN GAS HEATING SCIENCE. 

ment of the art and the ability of engineers to take advantage of 
their opportunities. Householders are keenly on the lookout 
for something that will save work and dirt, we are going to a 
great deal of trouble in endeavoring to wash the dust from the 
air and the dirt that the average coal heater makes ia the house 
does not improve the quality of the air the occupants breathe. 
When the householders begin to realize that the dust in the 
air is bad they will be apt to pay a little more for gas to prevent 
some of the dust. I hope Mr. Bolton will continue to watch this 
experiment and at a later date be able to present us with some 
definite data. 

A Member: Has anyone here knowledge of a boiler that 
will work equally well with coal or gas? I do not think such 
a boiler ever has been made or ever will be made. I have had 
a little experience with natural gas and have put in boilers that 
have worked fine on coal, but when it got down to the gas 
proposition we had to take the boilers out so that they could 
go to burning coal again. As it looks to me, it requires a differ- 
ent type of boiler altogether for gas and coal. 

Secretary Blackmore: In regard to a combination gas and 
coal boiler, I do not think any manufacturer who supplies boil- 
ers in a natural gas district would guarantee the same economy 
in both gas and coal in such a boiler. All through the natural 
gas territory in the winter the supply of natural gas falls below the 
requirements, hence the combination coal and gas boiler is put in as 
a measure of insurance that they can use coal at such times. We 
can hardly expect a combination of that nature to be equally 
good for both purposes. If it is good for one it will not be for 
the other. If you build your fire-box right for gas it will be 
too small to take care of coal. 

Mr. Geo. S. Barrows: When I went into Kansas City I 
went to a city where natural gas was unknown. The gas com- 
pany wanted to build up a business quickly, and I spent several 
months traveling around different parts of the country to find 
out the best practise in natural gas. We took the best and then 
improved a little bit on that. We, from the very first, told our 
consumers not to put in only natural gas furnaces. We were 
bringing the gas 125 miles. The pressure varied from 300 pounds 
in the field to 5 pounds in the city high pressure mains. The 
average consumption, we will say, of the ordinary residence 
would be at the rate of about 30 cubic feet per hour in mild weather. 
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That would go up to 180 or possibly 200 cubic feet during a cold 
snap, and this sudden demand simply meant that the people 
were using more gas than could possibly be supplied so that 
somebody had to go without gas as a fuel. There might be a 
break in the high pressure line, stopping for a short time all the 
supply and for these reasons we told everybody that they should 
always have some sort of solid fuel on hand to burn a furnace 
in which gas might be burned as well. 

It took a great deal of experimenting to decide the best type 
of burner to give the best results and we only put them in after 
very carefully conducting tests to be sure that we were getting 
no CO. As we were getting very little excess oxygen and a rela- 
tively low flue temperature the efficiency of the burners was 
high. We were getting at our large power plant boilers of say 
4,000 h.p., about 70 per cent., and that even with the leaky set- 
tings. With our domestic burners also we were undoubtedly 
getting a high efficiency. We know that with gas at 25c per 
1,000 cubic feet compared with a very high grade of semi-anthra- 
cite coal at $7 a short ton, or anthracite coal at $9 per ton, that 
we were saving from 25 to 30 per cent., and in some cases more 
than that. But the average saving based on careful examination 
of the fuel bills for a period of several years, taking a very large 
number of consumers' bills for comparison, showed an average 
saving somewhere around 25 per cent. 

We had a locomotive boiler on a temporary job used for sup- 
plying steam for air compressors. We burned our gas in a re- 
generative chamber using the radiant heat from the fire-brick 
before putting the products of combustion through the flues. 
The results were so satisfactory that we were led to think that 
probably we could use the same sort of fire-box chamber in the 
ordinary house heating appliance; and we put those fire-brick 
chambers into hot water and steam boilers as well as hot air 
furnaces and got the very best possible results. It was a little 
difficult for the consumer to take them out if he had to change 
quickly to coal; but as time went on we found ways of putting 
in the bricks so that they could be hauled out in perhaps one- 
half hour's time and in some cases less than that. It took per- 
haps two hours to build them up again when they wanted to 
change back from coal to gas. 

The greatest care must be exercised to put in proper burners. 
I do not believe there is a furnace built which cannot be heated 
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just as well with gas as with coal, but you have to hunt around 
a great deal in some cases before you get the right burners. 

Mr. O. J. Kuenhold: The Company I am with had about the 
same experience and made burner installations arranged in the 
same way. After installing them we watched the gas bills for 
the season. The results varied so much in the different installa- 
tions that we decided to discontinue making them, and there- 
after recommended regular gas furnaces wherever gas was to 
be used. 

I believe that the failure in the cases mentioned was because 
of imperfect transmission of the heat to the air passing through 
the furnaces. 

It should be remembered that there are always two steps to 
be accomplished : First, generation of the heat. Second, trans- 
mission of that heat. The first step, that is, the combustion of 
the gas may be made perfect, but coal furnaces are not always 
adapted for high efficiency in heat transmission. They may be 
efficient enough in this respect for coal, but not for gas. 

In speaking of a furnace efficiency of 90 per cent, for gas 
furnaces, it might be explained that I regard as lost only the 
heat units going up the chimney in the shape of sensible heat, 
or as unburned gases. The radiation from the furnace into the 
basement, unless excessive, may be regarded as useful heat, for 
it helps to keep the basement and the floor above it warm. 

Of course in power boilers the efficiency must be estimated 
differently. In that case all else except the heat delivered into 
the steam pipe is lost. We might call the former gross efficiency 
and the latter net efficiency. This difference may account for 
differences in the findings of various engineers in gas or coal 
furnace efficiency. 

In regard to flue temperatures — we obtain temperature as low 
as 110 to 120 degrees under normal conditions in most all cases, 
on gas hot water boilers and warm air furnaces. 

Mr. George D. Hoffman : I live in Los Angeles, where they 
burn oil almost altogether. Two years ago a concern came in 
there and introduced the Rector Gas Heater. I would like to 
ask Mr. Barrows if he has had any experience with or knows 
anything about that system of heating. They have a blast and 
draw the heat up through the radiator and then out through 
a pipe leading to the open air. 
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Mr. Geo. S. Barrows: The Rector system is a very interest- 
ing one. I do not know whether it has been developed to a per- 
fectly successful point, or not. We have worked with Mr. Rec- 
tor, that is, we have worked together as we work with other men 
having gas burning appliances. We have given him some sug- 
gestions and criticisms on his appliances. In his burner he 
takes in no secondary air to support combustion, but brings in 
a proper amount of primary air, not by forcing it, as is done in 
the ordinary air blast furnace, but by exhausting the products 
of combustion so that there is a vacuum created around his 
burner and the air is mechanically drawn into it as primary air. 
In that way he gets a greater efficiency than with the ordinary 
atmospheric burner. Just what it is I do not know. 

The Rector system when applied to incandescent lighting will 
increase the efficiency from 30 candles per foot to 60 candles per 
foot or doubles the efficiency, and in all probability very nearly 
doubles the efficiency in the heating appliances. 

The Rector system control is by the use of a thermostat 
placed in any desired location in the house or room. There is 
a valve in the gas pipe controlled by the exhaust pressure by 
means of a diaphragm and an electric fan to create the suction. 
When the room reaches the proper temperature (which is set 
on the thermostat in the ordinary way), the current is shut off 
from the fan. As soon as the fan stops the exhaust stops, and 
the gas valve controlled by the diaphragm is operated by means 
of a spring and shuts the valve so that the main gas burner is 
shut down. There is a pilot burner which is operated from a 
separate line and remains lighted. As soon as the room cools 
to the point which is set on the thermostat the current is turned 
on to the fan, which starts up the exhaust created by the fan 
causing a partial vacuum against the diaphragm which controls 
the gas valve, so that the main gas burner is turned on, and is 
lighted from the pilot. In that way the device is automatic. 

Automatically controlled gas devices, however, are something 
which a good many of us gas men look upon with considerable 
doubt. In any gas burning device operated by means of a pilot 
flame the pilot flame may go out; so that we only like to see 
such devices go in where they will be under the supervision of 
the operator. 

Mr. Rector is now developing a non-automatic type of radia- 
tor, that is, one in which the burner will be turned on manually ; 
and lighted from the pilot, or by a match. 



Digitized by 



Google 



318 DISCUSSION ON PROGRESS IN GAS HEATING SCIENCE. 

I understand a very large number of Rector heaters have 
been installed in California which has been the largest field of 
operations. Quite a number of them have now been installed in 
the southern states. 

I believe that some of these Rector heaters have been installed 
in Toronto and Staten Island, N. Y., and the costs of operating 
I have been told, seem to compare very favorably with coal. 

The condition under which a heater is used must always be 
given consideration. A gas burning appliance in a room which 
is intermittently heated will in all probability, even in a cold 
climate, with gas at a high rate, compete with coal, especially 
when the convenience of operation is taken into consideration. 
You have heat when you want it, and the instant you are 
through with it it can be shut off. It is not necessary to build 
up a fire. When you build up a coal fire and let it go down, its 
efficiency is very greatly decreased. 

Chairman Allen : I do not understand that system, whether 
there is a steam radiator in each room. I do not understand 
where the fan was placed. Was it in the smoke flue? 

Mr. Geo. S. Barrows: The fan is in the flue. There is a hot 
air radiator ; which is built in the form of a steam or hot water 
radiator. The burner is in the center of the radiator and the 
products of combustion circulate up and down the flues. Cast 
iron is used because the temperature of the radiator in imme- 
diate proximity to the burner is very high, running up around 
700 or 800 degrees I think — I do not know but what higher than 
that. A radiator is placed in each room — two or three radiators 
in each room if necessary. One fan, preferably in the basement 
of the house — although it can be anywhere, operates all the 
radiators. Leading from each radiator there is a piece of wrought 
iron gas pipe usually about 3. inches in diameter, as the exhaust 
pipe. The size of this increases as the number of radiators in- 
creases. 

I do not know what the temperature of the flue from the radia- 
tor is. I think it is somewhere around 300 degrees. All those 
that I have ever seen have been exposed in the room, and were 
only put in office buildings or warehouses where the appearance 
didn't cut any figure at all, and where the flue pipe could be 
run outside of the partitions and the flues all run to one fan. In 
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our test in our laboratory we had only six radiators; but I be- 
lieve in some business installations they have as high as twenty 
radiators. 

Chairman Allen : Isn't it true that insurance companies look 
upon that radiator with considerable disfavor? 

Mr. Geo. S. Barrows : The radiator cannot be set as close to 
a partition as an ordinary steam or hot water radiator because 
its temperature is so high and this high temperature of the 
radiator is one of the features to be considered. A guard might 
be put over the radiator. 
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REDUCTION OR ELIMINATION OF NOISE ATTENDING 

THE OPERATION OF MECHANICAL 

VENTILATING MACHINERY 

BY R. W. PRYOR, JR., MEMBER 

As there does not seem to be any law which can be laid down to 
govern oneself on the installation of ventilating machinery, I will 
endeavor, in presenting this paper, to illustrate some different phases 
of the subject with the remedies used in these cases to correct 
the trouble. Below are given some experiences: 

A 60-inch steel plate fan with overhung blast wheel was operat- 
ing in a concreted basement. This basement was walled-in in a 
' substantial manner, and entering into this basement where the fan 
was located, were some conduits. The fan was operating at a pres- 
sure of something over one ounce and there was no perceptible noise 
immediately in the vicinity of the fan. Yet, about a half a 
block away there was a decided rumble, which was traced to the 
operation of this fan. The fan was covered with 6 inches of hair 
felt: this helped to deaden the sound somewhat, but did not 
entirely correct it. It seemed as though the fan or something started 
a vibration of the air in this chamber, the sound of which was pro- 
jected or carried through the conduit tubes to the location where 
the sound became audible. I believe this is one of the most elusive 
problems the engineer has to contend with. 

Another instance was the case of two 24-inch motor driven 
propeller wheels, which were located in the rear of a Counting 
Room of a bank, discharging the air into a brick areaway. These 
fans made a howling noise, which might be termed windage. Due 
to the air rushing through the blades, the fact that they discharged 
into this brick areaway, aggravated the condition. These propeller 
wheels were changed to flat blade type, the sp)eeds being approxi- 



Digitized by 



Google 



ELIMINATION OF NOISE ATTENDING VENTILATING MACHINERY. 321 

mately the same in either case, but the amount of air handled by 
the flat blade wheel is about 75 per cent, of that handled by the 
curved blade. The improvement was very noticeable and the 
noise practically eliminated. The speed of the first fan, and the 
velocity of the air through it, was too g^eat for the size of the 
areaway and the sound evidently was the result of vibration due 
to the high velocity in a confined space. 

In a certain building consisting of a hall approximately 
48 X 54 X 17 feet high, with an open attic space above, there was 
located a 36-inch disc wheel with direct connected single phase 
motor running at 600 r.p.m. This fan had no immediate connec- 
tion with any duct work, being mounted on a special steel support 
held firmly in the brick wall. This fan drawing on the attic space, 
efiFected its ventilation of the hall through openings leading from 
the hall into the attic space. The hum from this outfit was so 
objectionable that the apparatus could not be used. The location 
of this outfit was changed so that it did not pull its air through 
quite so g^eat a distance, thereby changing the proportion 
of the cubical contents through which it was drawing to the 
volume of air handled. The outfit was supported in a similar man- 
ner as before, and to one of the same brick walls ; the same mate- 
rial being used as far as possible to make the change, and the fan 
running in the new location gives the desired ventilation without the 
noise which was so objectionable. This seems to bear out the 
theory that we have to consider the question of sound produced by 
the vibration of the air independent of the sound produced by the 
friction of the air against the walls of the duct. I think this condi- 
tion is further exemplified by the fact that sound travels approx- 
imately 61,000 feet a minute, which on ventilating systems, such as 
we have been considering, gives the velocity of sound anywhere from 
60 to 100 times greater than that at which the air is traveling. 

This resonator eflFect is one that there does not seem to be any way 
of anticipating or pre-determining, making it necessary to resort 
to a "cut and try" process. 

I want to cite another instance where there was an installation, 
for ventilating an auditorium, of two 30-inch propeller wheels 
with direct connected one horse power motors, 600 r.p.m. direct 
current; the outfits being installed in the duct work, and bolted 
to a brick wall by means of lag screws and one-half-inch rubber 
washers. The ducts were provided with flexible canvas connec- 
tions 8 inches long, so that there would be no metallic connection 
to conduct vibration, if the fan should produce any, — and on the 
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outlet side of these fans, where they discharged into a brick flue, 
they were provided with a galvanized iron sweep to turn the air 
without shock. These wheels were so noisy that it was impos- 
sible to run them over 400 r.p.m., at which speed they did not 
give enough air to properly ventilate the room in question. The 
noise at 600 r.p.m. was about like a planing mill exhauster run- 
ning at 3-ounce pressure. Those of you who are familiar with 
this class of work, will appreciate what such a noise would amount 
to. After trying several remedies, the fans were pulled out, and 
there were installed in their place two 80-inch full housed fans, 
each belted to one horse power motors ; the fans running at about 
170 r.p.m. The same duct work throughout was used, and the 
volume of air delivered was slightly increased. The trouble was 
absolutely corrected. The new fans were placed slightly nearer 
to the auditorium than were the propeller wheels; but the mo- 
tors were placed outside of the duct work; so, the combination 
which originally produced this noise was completely changed. 

I cite another case on some small volume exhausters which were 
running at 1,200 r.p.m. with direct connected motors, and for which 
we substituted 40-inch steel plate belted fans at 480 r.p.m. In this 
case more air was handled than before with complete elimination 
of noise. 

In these various illustrations, I would say that the disturbance 
in each case was caused by air vibrations rather than any mechani- 
cal defect. Mechanically these various outfits were above criticism. 

There are some factors which are important, viz. : the num- 
ber of turns or the revolutions of the fan wheel; and whether the 
motor is in the air travel or not. The swish or rushing noise due 
to the air passing through duct work at high velocities and being 
deflected around elbows. 

Some motors more than others produce a magnetic hum, and if 
the motor is in the air current, this may prove objectionable. The 
spokes of a fan wheel turning up at a rapid rate, interfering as it 
does with the air current, gives a rushing sound to the air. 

Methods of insulating and deadening units are of importance, 
and on small direct connected ventilating sets, I have used with 
success a cast iron unit bedplate containing the fan and motor. This 
bedplate being approximately 2 inches high and having sufficient 
weight in it to hold the outfit firmly without bolting. This bedplate 
is then mounted on about 2 inches of hair felt. 

Appended hereto is a sketch — see Fig. 1 — of foundation design 
which was used on a double 120-inch Conoidal Fan in a New York 
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hotel — the fan being located on the third floor of the building. 
This has given good satisfaction and is, to my mind, a good foun- 
dation. 
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Another form of setting for fans located on the upper floors 
of buildings, is to place the fan on an 8-inch monolith of 
concrete completely surrounding the concrete with 2 inches of cork, 
bottom and sides. See Fig. 2. This gives considerable weight to 
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base in the 8-inch monolith and absorbs any vibration, and the cork 
acts as the insulator. 
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Fig. 2 

The question of noise from thrust collars is one which very often 
causes trouble. The thrust collars on the fan shaft should be 
smoothly turned and should work against babbitted shoulders on 
the ends of the bearings. In some cases not enough attention is 
paid to this, with the result that there is a thumping noise, due to 
the unevenness either on the collar or the end of the bearing, par- 
ticularly if the fan is a belted one and there is some inequality in 
the alignment of the belt. 
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The duct work is sometimes noisy due to the air traveling through 
it at considerable velocity, especially if the duct work has not been 
properly braced. Furthermore, at high velocities it has been neces- 
sary to increase the resistance of duct work at elbows, due to the 
fact that the elbows furnished, while being theoretically and prac- 
tically good elbows for the conveying of air, were of such angle 
as to deflect the air, creating a slap on the opposite side. In some 
cases good elbows have, of necessity, had to be spoiled in order to 
correct this, and I am informed that some of the engineers have 
used 1-inch hair felt covered with canvas on the inside of the ducts 
at places such as these, to absorb the noises produced by the reflec- 
tion of the air — and where these corrections have been made, it 
has been necessary to increase the speed of the fan in order to put 
up additional pressure to overcome the resistance. 

DISCUSSION 

Mr. H. M. Hart: Possibly I do not understand this sketch, 
Fig. 1. It looks to me as though the foundation bolts from the 
angle iron fastened to the fan are extended through the blue- 
stone through the cork and upright to the I-beam. I am wonder- 
ing if that will really eliminate the vibration which is communi- 
cated to the I-beams. Possibly I do not get this sketch quite 
clearly, as it is rather a small sketch. 

Mr. R. W. Pryor, Jr.: The fan is held to the blue-stone by 
lag screws (expansion bolts). The blue-stone is held fast to the 
I-beam with that long bolt, the head of which is countersunk in 
the blue-stone. Of course that is mounted on the cork. 

Prof. John R. Allen: As far as the reduction of the vibra- 
tion is concerned, my experience in putting rotating machinery 
in the upper floor of buildings, particularly where there is con- 
crete construction is that the more rigidly you bolt or fasten 
machinery to the building structure the less vibration you will 
have. 

I refer now to the question of vibration. I have had some 
experience with fans and motor generator sets where we had 
a great deal of trouble with vibration. In one particular case 
the motor generator set was set on a steel frame about two 
feet above the floor, and on that steel frame there were rubber 
buffers about an inch thick, and on top of that was the motor 
generator set. We had great difficulty with vibration. I took 
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the rubber out and filled the steel frame with concrete. I bolted 
the generator set down to the concrete and made it absolutely 
part of the building. After that we had no more trouble. 

I was wondering in this case, Fig. 1 and 2, if you left out the 
cork and substituted concrete, whether you would not get bet- 
ter results. My own experience is that an elastic material in 
such places only tends to accentuate the vibration in many cases. 
One thing to be always avoided is an overhanging end 'which 
may come into synchronism with the rotating machinery itself. 

President Lewis: That is very interesting if you have any 
trouble with noise. The experience seems to be that the modern 
monolithic construction is a good deal like a drum or a violin 
case, it is resonant and carries sound, while it cannot carry per- 
ceptible vibration. 

Prof. John R. Allen : My remarks were limited to vibration. 
The question of noise is another problem. Where you want 
to reduce vibration that is by far the better practice. Of course 
it reduces itself down to the fundamental idea that there are 
certain unbalanced forces which if applied to a small weight give 
a large motion, but if applied to a very much larger body you 
get very much less motion and therefore less vibration. 

Mr. H. M. Hart: Professor Allen's experience relates to vi- 
bration and not to noise. If you have noise which is not due to 
vibration of machinery, why, the fastening of the machinery 
direct to the building structure would certainly communicate the 
noise. 

Mr. J. I. Lyle: I think Professor Allen would have gotten 
the same results with his motor generator set if he had used 
concrete and had insulated it from the building. It was the 
weight that absorbed the vibration. He put in a heavy block of 
concrete and tied it into the building. He was using the whole 
weight of the building. I think Mr. Pryor has guarded against 
that, and in most of these sketches he has put a weight in to 
absorb the vibration. 

Mr. H. M. Hart: I do not want to do too much talking but 
must make exception to one statement in the paper. Mr. Pryor 
made a point of the vibration of the air, and in one case he sub- 
stituted a centrifugal fan for a propeller fan, eliminating the 
noise. Now isn't it true that he was running his propeller fan 
at too high a peripheral velocity, and in changing the fan he 
ran it at a lower velocitv and therefore reduced the vibration 
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of the air and then he had a different condition entirely. If 
the fan noise was due to thtj vibration of the air in the duct 
work, I do not think the centrifugal fan would have changed it 
at all, because it delivered more air through the same ducts ; so 
that his two experiences do not seem to check up. In one case 
he changed the location of the propeller fan to reduce the noise : 
in the other case he changed to an entirely different outfit. In 
the first case where he changed the location of the propeller fan 
he tries to show that the noise was due to the vibration of the 
air traveling through the space to the fan, as I understand it: 
and in the second case by utilizing some surrounding conditions 
and changing the fan, it shows that maybe the conditions that 
he thought he had in the first place were not so, that the elimina- 
tion of the noise by changing the fan might have been due to 
something else. I do not quite get it. 

Mr. R. W. Pryor, Jr.: I will answer Prof. Allen first, by 
simply stating another experience that just occurred to me. On 
the top of the Hotel Kimball in Springfield, Mass., I had a 120- 
inch housed fan exhausting air at three-quarters of an ounce 
pressure. The engineer with whom I was associated on that job 
concluded that he would bolt it right to the arch of the roof 
which was of the usual construction of re-enforced concrete. 
The fan made a rumbling noise, that was objectionable to those 
sleeping below it, and I told him he had better put it on a sepa- 
rate slab of concrete. He did so and while it did not entirely 
correct the rumble, it was reduced to such an extent that it was 
not objectionable, at least there were no more complaints made. 
I do not know whether it was due to the absorbing of the vibra- 
tion that Professor Allen referred to or not. 

Mr. Tait: What was the thickness of the cork? 

Mr. R. W. Pryor, Jr.: Two inches. The peripheral speed of 
the wheels was changed on those two installations. In one case 
we had a 36-inch propeller wheel making 600 r.p.m., which would 
give you a peripheral velocity of roughly speaking 5,400 feet per 
minute. They were 80-inch housed fans and had wheels in them 
approximately 5 feet in diameter. We were handling more air 
according to the tests. 

Mr. H. M. Hart: In the instance given on page 2 of the 36- 
inch fan running at 600 r.p.m., you simply changed the location 
of the outfit and still maintained it at the same speed, didn't you ? 

Mr. R. W. Pryor, Jr. : Yes. That particular installation was 
in an open attic space. There was an ante-room in front of this 
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hall which opened also into this attic space. The wheel was 
located so that it was drawing its air from both the ante-room 
and the hall. We changed it and placed it so we cut out the 
ventilation entirely from that ante-room, simply drawing air 
from part of the attic space directly over the hall. To my mind 
it was not supported as substantially in the second instance as 
it was in the first. In the first instance this ante-room was sepa- 
rated from a Masonic Hall by a fire-wall, and across the fire- 
wall we had put an I-beam and mounted the wheel on that. 
We put the disc wheel on so that it was pulling the air from the 
attic space directly over it. 

Mr. H. M. Hart: Did you pull less air? 

Mr. R. W. Pryor : The wheel was running at the same speed. 
I could not vouch for the amount of air handled because I didn't 
measure it. It was a proposition where we had to give them 
the same ventilation and work with the material in hand to cor- 
rect the trouble. We were very well satisfied to get rid of the 
noise. 

Mr. H. M. Hart: I am very much interested in that because 
that is a very interesting point. My 36-inch disc fans run at 
600 r.p.m. 

Prof. John R. Allen: It is a question of synchronism. There 
may be something surrounding the fan that gets into synchro- 
nism with the rotation of the fan. I remember a case of synchro- 
nism in a Corliss engine fly-wheel in which when the engine was 
being run at speed the fly-wheel struck the sides of the fly- 
wheel pit causing a deflection of over 1^ inches in a 20 foot 
wheel. By changing the speed of the wheel two revolutions it 
entirely corrected the difficulty. 

Mr. Thomas Tait: This noise in ventilating fans is inter- 
esting to me right now, for the simple reason that I have a 
moving picture show place in which I am installing a No. 9 
Multivane fan. I put two 12-inch I-beams across from wall to 
wall, the fan being practically in the center of the attic space. 
It really presents a splendid opportunity for the drum effect 
that we are talking about, and that's one reason why I asked 
about the thickness of the cork. I had a wooden platform made 
to rest on the I-beams which are set 4 feet apart. Between the 
bottom of the platform and the top of the I-beams I have placed 
two inches of cork, and one inch of cork between the wood plat- 
form and bottom of fan. The fan has not been operated as yet, 
so I cannot say anything about what the effect will be. Later 
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on I may report my experience in connection with this instal- 
lation. 

Secretary Blackmore: Before the discussion closes, I want 
to make some observations in regard to this matter for the con- 
sideration of the gentlemen here. In reading the paper and 
from a little talk that I had with one of our members, it seems 
that there are four distinct causes for noise in the setting up 
of an air apparatus of this kind. 

The first has been touched upon by Professor Allen, vibration, 
which undoubtedly can be corrected by care in the setting of the 
fan so as to make use of the solidity of the building. 

The next cause for noise is in the fan itself, which may be 
due to the defects in mechanical construction, to over-speeding 
or to the set of the blades in the fan. 

The third cause is noise due to vibration in the air itself in 
a manner similar to that by which sound is produced in the 
pipe of an organ. In connection with this source of noise there 
may be a transference of the sound from the fan to a point 
distant from the apparent source of the noise, as in one case 
mentioned in the paper. 

There is also noise due to the friction of the air traveling 
through the ducts and being deflected around the elbows. 

Each one of these possible sources of noise require separate 
investigation. I offer these observations hoping that some of 
you gentlemen may by study ascertain the reasons for the 
noises where they occur and see whether effectual means cannot 
be discovered to remedy such troubles where they appear. 
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VENTILATION OF TELEPHONE BOOTHS 
INCLUDING OTHER APPLICATIONS OF SMALL UNIT 

SETS 

BY R. L. DOUGLASS, MEMBER 

In the ventilation of telephone booths, there are more engineering 
and mechanical problems than at first appear. 

The fan and motor must run noiselessly and for appearance 
sake and on account of the many installation conditions, the ap- 
paratus must be small. 



The best results have been obtained with, the housed type of 
blower, direct connected to and driven by an electric motor. The 
fan runs at 850 r.p.m. and delivers 35 c.f.m. to the booth. At this 
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Speed, the fan and motor operate very quietly, but to insure all 
possible quietness, a felt pad is put between the fan base and the 
top of the booth. 

The blower discharges air downward through the lop of the booth, 
and here again is a point to be considered. Young people with plenty 
of hair are pleased with the cooling effect, but elderly people with 
bald heads complain of the draft. To overcome this, a special outlet 
piece so discharges the air in the booth, that perfect distribution of 
the air is obtained without perceptible drafts. 

In this work, it is necessary that the outlets for the air are so 
designed that no sound can travel from the booth to the outside. To 
change the direction and velocity of the air, and thus deaden any 
sound waves in the exhaust, the air is forced out through brass slide 
gates near the floor in each inner wall of the booth. The air then 
goes up between the double walls of the booth, which changes both 
its direction and velocity, and out through slide gates placed near 
the top of the booth and in the outer side walls. In going through 
these gates the direction and velocity are again changed. 

Current consumed costs only a few cents a day if run continually, 
but, if desired, arrangements can be made so the fan starts as booth 
is occupied and stops as door is opened when the occupant leaves 
the booth. 

This system of booth ventilation is superior to the wall fan type, 
as by this system, the air is positively changed in the booth' and not 
merely stirred up, as in the case of a closed booth with a wall fan 
in operation. 



The foregoing is the application to individual booths, and tele- 
phone engineers have decided that it is more practical and eco- 
nomical in most cases to put an individual set on each booth rather 
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than to connect up several booths to one large fan. This latter 
method can be used, however, in which event, a slow running fan 
should be selected and a canvas connection used between the fan 
outlet and the piping. The piping should be made of fibre and 
baffles put in the supply pipe between the different booths, so cross 
talk cannot be heard between the booths whether or not the fan is in 
operation. In such an installation, it is advised to place the fan on a 
shelf near the booth rather than on top of one of the booths. A 
felt pad under the fan is also advisable. 

While this method of ventilating a bank or nest of booths is pos- 
sible and is in use, the matter of convenience and cost point to the 
advisability of the single booth system. 

This same general method of ventilation may be used for ven- 
tilating phonograph demonstration rooms. On account of the large 
use of talking machines, there are being constructed in some large 
distributing agencies for talking machines and records, a number 
of sound-proof individual booths, so that the customer can be taken 
in a room and listen to the desired records without taking up too 
much space, and without annoying other people. 

MOVING PICTURE MACHINE BOOTH VENTILATION 



The laws in various states differ somewhat on the requirements 
of ventilating operating rooms. Illustration shows an installation 
made in Philadelphia where the law requires both positive and grav- 
ity ventilation. You will note the electrically driven exhauster, 
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exhausts air from the top of the booth and blows it into a duct. 
You will see also that connected to this same duct is a riser from 
the blower for gravity ventilation. 

This matter of ventilation in operating booths for moving picture 
machines is not entirely a matter of ventilation, but it also reduces 
the fire risk. In case fire started in the operating room, the tendency 
would be for the flames to go out through the ventilating system in 
the top of the booth, rather than into the main room, thus avoiding 
the great danger of panic. 



rX)CAL VENTILATION FOR INDIVIDUAL ROOMS 



The illustration shows the installation of a small motor-driven 
exhauster for ventilating two closets in the toilet room. The top 
of the closets were closed over, the air being pulled in through the 
general toilet room under the bottom of the doors of the closets 
themselves. The top of the closet being the only inlet for light, a 
glass cover was used. 
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KITCHEN VENTILATION 



The illustration shows the installation of positive kitchen ventila- 
tion in a private house. The use of the small electrically driven ex- 
hauster allows, at moderate cost, the installation in private resi- 
dences of the same positive ventilation found in hotels and restau- 
rants. 

A matter for consideration is the ventilation of kitchenettes in 
high grade apartment buildings. As far as the writer knows, this 
has not been included in ventilation plans, at least to any degree, 
and it certainly would be well worth consideration in high price 
apartment houses. 

In this paper the only application particularly new is telephone 
booth ventilation, the other uses of the small electric blower bring- 
ing out the possibilities of local ventilation by unit systems. 

DISCUSSION 

President Lewis : I believe the purpose of this paper was to 
accentuate the present and recently developed availability of 
small economical ventilating sets for many places. I want to 
call attention to the illustration of the ventilation of a range 
hood. We often have large installations of ranges with very 
heavy and expensive canopies coming six or eight feet below 
the ceiling and furnishing a place for dirt and dust to accumu- 
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late above their sloping or horizontal parts. Why not make 
a room above the range extending clear to the ceiling and put 
a fan right inside of that room? Then there is no flat surface 
above to collect dirt and grease. It costs less and it looks 
better. 

Mr. R. W. Pryor, Jr.: 1 think that the open ceiling that you 
refer to would be a very good place for a fire to start as grease 
would accumulate up there. In apartment houses I have known 
people to put cooking utensils up on a shelf when they were out 
of service and a considerable amount of grease accumulated on 
them from the cooking on the gas range. If such a condition 
did exist the grease would certainly accumulate in such an open 
space as suggested, hence it seems to me it would produce a fire 
hazard. 

Secretary Blackmore: When this paper first came to my 
notice I had some correspondence with Mr. Douglass. I felt 
that he had stopped short by reason of the fact that he had not 
treated the subject of ventilation of urinals, which are one of 
the most difficult things to ventilate and have been the most 
inadequately ventilated of any appliances we use. You will 
scarcely go into a hotel where there is a public urinal that is 
not offensive. I asked Mr. Douglass if he had made any studies 
along that line, and if he had whether he would not formulate 
something by way of suggestion? He said he would take it up 
at some future day and see if he could solve the problem ; and 
if so would be pleased to present another paper. 

Mr. H. M. Hart: Our President has called attention to one 
fact that I think might be emphasized a little more strongly; 
and that is the advisability of installation of small units in ven- 
tilation. I think the tendency has been in the past to try to 
accomplish too much from one unit; to try to install one unit 
to accommodate too many varying conditions. 

In a hotel, for instance, they will put in a ventilating appa- 
ratus to ventilate a cafe or grill room which is perhaps in use 
twenty hours of the day, and they will use the same fan to 
ventilate a banquet room which is used perhaps four hours a 
day. That is not conducive to economy and sometimes leads to 
complications in trying to get good results with reference to 
temperature, humidity, etc., because the conditions in different 
parts of the building are not the same. I think they should be 
treated as individual and separate conditions by the application 
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of individual and separate units which will result in greater 
economy of operation as well. 

I know of hotels that are operating very large fan units 20 
to 24 hours a day because some small portion of the rooms ven- 
tilated are occupied for that length of time; while the larger 
part of the rooms ventilated are only occupied a small portion 
of the time. This is certainly not economy. 

President Lewis: I think Mr. Hart's remarks are very welt 
put. I think all of us have seen fans designed for buildings in 
which the distributing duct system was wrong and where they 
would have saved money if the units had been divided up. 

Now in dividing up the next difficulty that we encounter is 
the next question. When they can make an induction motor 
that does not squeal they will have accomplished a great aim. 
We need an associate member who is an electrical expert who 
can do that. 
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CCCLIII. 
AIR OZONATION 

MILTON W. FRANKLIN 

The subject of air ozonation may be divided into (1) ozone as 
an adjunct to ventilation; (2) destruction of odors from industrial 
plants such as glue factories, fertilizer plants, slaughter houses, 
fish marts, etc.; (3) adjunct to refrigeration in the practice of cold 
storage and food preservation. 

VENTILATION. The application of ozone to ventilation has at- 
tracted much attention recently owing to the publication of a mul- 
titude of conflicting opinions concerning its merits. This con- 
fusion is due to several circumstances. In gener^il, the proponents 
of ozone have claimed too much and have advanced many con- 
tentions, either insufiiciently supported or in the very nature of 
things unsusceptible of proof. On the other hand, the opponents 
of ozone have attacked these claims with great energy and often 
have gone so far as not only to deny any usefulness whatever to 
ozone, but positively to affirm its harmfulness and dangerous char- 
acter. In many cases the attacks on ozone have been directed 
against imaginary claims that were never made and much of the 
evidence against ozone is based on laboratory experiments which 
bear little or no resemblance to actual working conditions and 
therefore can scarcely be considered as authentic. 

A careful and unbiased investigation of all the evidence acces- 
sible in the extant literature in connection with the theory and prin- 
ciples of ventilation hygiene must result in the conviction that 
ozone, properly applied, is capable of advancing greatly the art of 
ventilation and that it is incapable of harming persons exposed to 
its influence. 

At the IX Congress for Heating and Ventilating held in Cologne 
in June. 1913, two notable papers were read: one by Prof. Czap- 
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lewski (1), and the other by L. Von Kupffer (2), which pre- 
sented in detail the present status of the question and which elicited 
the following comment from Dr. Ing. H. Rietschel, the honorary 
president of the Congress: — 

We have heard with conviction that ozone has 

been used in numerous cases with the best of results for ventilating 
plants and that it can be used for such purposes ; also that in the 
diluted state in which it is to be used it cannot be considered as 
being harmful. We shall, therefore, devote our undivided atten- 
tion to ozone and its application for ventilating purposes.'* 

The subject of ozone in ventilation was treated by the present 
writer in a paper presented at the Fourth International Congress 
on School Hygiene (3), in which were described some experiments 
which demonstrated that many odors arising from organic sources 
were destroyed and not masked by ozone. 

1. The experiments" described in this report show that ozonized 
air does, not merely mask offensive odors of varied nature, but 
that it actually destroys them. 

2. It is shown that the odor of some common food materials, 
onions, garlic and limburger cheese, are destroyed by ozonized air. 

3. The odors resulting from decayed raw food materials, fish, 
eggs, meat and qysters, are destroyed by ozonized air. 

4. The offensive odors of fertilizers are destroyed by ozonized 
air. 

6. Several definite chemical compounds which contribute to 
the odor of feces, perspiration of feet, rancid butter, sauerkraut 
and limburger cheese: namely, skatol, valerianic acid and butyric 
acid, are also destroyed by ozonized air. 

6. The persistent odor of tobacco smoke as absorbed by the 
clothing is destroyed by ozonized air and the yellow color pro- 
duced by blowing smoke through cloth is bleached by ozone. 

The following tabulation presents some of the materials upon 
which the experiments were performed: — 

Odor Before Treatment Odor After Treatment 

with Ferrous Sulphate with Ferrous Sulphate 

Solution. Solution. 

Odor from : With air : With ozone : With air : With ozone : 

Onions Strong Strong Strong None 

onion ozone onion 

Garlic Strong Strong Strong None 

garlic ozone garlic 

Limburger cheese . . . Strong Strong Strong None 

limburger ozone limburger 
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Decayed fish Very Strong Very None 

offensive ozone offensive 

Decayed eggs Very Strong Very None 

offensive ozone offensive 

Decayed meat Very Strong Very None 

offensive ozone offensive 

Decayed oysters Very Strong Very None 

offensive ozone offensive 

According to the modem theory of ventilation the only baneful 
factors in 'Vitiated" air are heat, moisture and odors. If the air 
is stagnant and motionless its power to absorb heat and water is 
not utilized fully: hence, a fan which circulates the air generally 
adds much to the comfortableness of a poorly ventilated space. 
The ancient beliefs that excess of carbonic acid gas and deficit 
of oxygen accounted for the distress attendant upon inadequate 
air supply have been dispelled by the published labors of Halldane, 
Hill, Pfluegge, and others. It has been shown that in the worst 
cases the available oxygen is far in excess of the demand and that 
CO, is harmless in the concentrations likely to be met. The con- 
viction once prevalent that organic "crowd poisons'* were the guilty 
factors likewise has been abolished. Billings, Mitchell and Bergey 
(4) have added much to the knowledge of this aspect of ventila- 
tion. The most recently demolished belief was that bacteria existed 
as a menace in rebreathed air. The works of Pfluegge (5), Chapin 
(6), Doty (7), and of Winslow and Robinson, have fairly dis- 
proven this contention. 

The modem practice of ventilation, then, clearly is concerned 
only with absorbing the almost invariable quantity of heat pro- 
duced per capita of room occupants, of removing the moisture 
transpired, and of destroying the odors generated and which are 
due to the presence of people, animals and organic substances, 
including food stuffs, especially when in a state of putrefaction. 

Heat and moisture absorption have received weighty considera- 
tion from the engineering profession and may readily be accom- 
plished with accuracy and certainty in any given set of conditions. 
Odor elimination, by no means the least important, may be accom- 
plished best through the agency of ozone. Supplying too great an 
amount of air in a ventilating system constitutes an engineering 
and hygienic error as well as does supplying too little air. Correct 
engineering practice consists in accomplishing an end in the least 
costly manner compatible with correct performance of function; 
and too much air means dangerous drafts, waste, and inefficiency. 
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Ozone renders possible the elimination of odors which often can- 
not otherwise be removed at all, or possibly only by the providing 
of a prohibitive excess of air with the attendant probability of 
drafts and low economy. But primarily, ozone is most useful in 
those myriad instances where idealized ventilation systems are sim- 
ply beyond the question. In these all too numerous though unfor- 
tunately inevitable places, where perfect ventilation is impossible, 
ozone will produce a condition of the air unattainable by any other 
known means. It imparts a freshness and "tang" to the air, ren- 
dering it comparable with that in the most favored natural localities. 

Ozone in general destroys and does not mask organic odors as 
has been shown above. 

It remains then only to know that ozone is inoffensive and 
incapable of harming persons breathing it, in such quantities as 
are used in ventilation, before justifying and recommending its use. 

Cramer (8) stated at the Frankfurt Congress for Heating and 
Ventilating : — 

*'In earlier times we assigned to ozone a poisonous influence on 
animal organisms, while recent investigations have shown that the 
ozone is poisonous only when made chemically and not pure. A 
mixture of chemically pure ozone with atmospheric air, can, if 
the percentage of ozone is not too concentrated, never hurt an 
organism, as statements from doctors and scientists show. Only in 
very concentrated form does it attack the lining of the mucous 
membrane." 

No single instance of harm to a person from the proper use of 
ozone in ventilation has been recorded, but on the contrary, all 
adverse opinions have been deduced, by inference, from laboratory 
experiments performed with very high concentrations, while all 
efforts to produce harm experimentally with weak ozone have 
failed. Jordan and Carlson report that twenty-six animals, exposed 
for fourteen days, during nine hours each day, to concentrations 
high enough to cause irritation of the eyes and nose, suffered no 
ill effect whatever. Hill cites the cases of the numerous workers 
in the London underground tubes, who have shown no ill effect in 
three years. Gminder cites the unharmed workers in the spinning 
mills at Reutlingen. Erlwein (9), says: — 

"It is a fact at any rate that there have never been proven 
cases of sicknesses of a serious character due to breathing ozone 
air. Special attention is called to a large water sterilization plant 
operating for more than ten years, where the working force is 
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constantly moving in an atmosphere which is more strongly mixed 
with ozone than is ever found in actual ozone ventilation installa- 
tions. There has never "been a case where these persons have been 
forced to be on sick-leave due to the high ozone concentrations in 
the plants." 

Numerous similar instances of prolonged proper use of ozone 
without a single complaint are in existence. 

Efforts to disinfect occupied rooms have shown that ozone, in 
concentrations sufficient to produce sterility of the cultures, is 
irritating to the mucous membranes of the respiratory tract and 
in fact will produce death in guinea pigs, but as pointed out above, 
sterilization of atmosphere has little sanitary value and it must 
be remembered that no known method of room disinfection can 
be practiced in the presence of room occupants. Sulphur dioxide, 
hydrocyanic acid and formaldehyde would produce death in guinea 
pigs more rapidly than would ozone. It has been shown that ozone 
in high concentrations is a local mechanical irritant but there is no 
evidence to justify the opinion that it is injurious in low con- 
centrations. 

Toxicologists recognize two distinct classes of poisons: namely, 
physiological or chemical poisons and mechanical poisons. The 
former act by being absorbed into the system and causing trains of 
phenomena through the nervous mechanism; the latter act merely 
by causing local destruction of the tissues with which they come 
into direct contact. Strychnine is an example of a chemical poison ; 
its action is dependent only on the quantity ingested and is wholly 
independent of its concentration. One grain administered inter- 
nally will cause death, whether it be taken pure or copiously diluted 
with water. An example of a mechanical poison is sulphuric acid ; 
its only action is a local destruction of bodily tissues, and a quan- 
tity which would cause death, if administered concentrated, might 
be taken with impunity when accompanied by a sufficient diluent. 
Ozone has been shown to be a mechanical irritant, but to deduce 
the result that because strong ozone is harmful, weak ozone also 
must be harmful, is equivalent to arguing that because 50 per cent, 
oxygen breathed for a certain period will cause death from inflam- 
mation and edema of the lungs, the 20 per cent, oxygen, such as 
we inspire at every breath, is also poisonous. 

Experiments conducted by Jordan and Carlson to determine 
whether or not ozone in low concentrations, somewhat higher than 
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might be used in ventilation, is harmful, have resulted in the fol- 
lowing conclusion: — 

"All the animal groups showed some increased body weight, but 
the increase during the ozone period is practically the same as 
during the control period. Slight differences are of no significance. 
Hence, as regards appetite and body weight, the results of the 
tests are negative, the ozone appearing to have neither a favorable 
nor an unfavorable influence. This applies also to the general con- 
ditions of the animals. The cats did not seem disturbed, even when 
the ozone concentration caused some restlessness in the rabbits, 
guinea pigs and rats. In all other respects the animals appeared 
to be normal." 

This is a convincing demonstration of the harmlessness of even 
too high ozone concentrations. The animals were exposed for 
fourteen days to ozone, following a period of fourteen days con- 
finement for control observation, but in spite of the prolonged close 
confinement and extremely inadequate ventilation (sixteen cubic 
feet per hour per animal), they thrived as well during the second 
fourteen days with rather too strong ozone as during the first four- 
teen days. 

So far as is definitely known the value of ozone in ventilation 
is not due to any beneficial effect upon the human economy but to 
the circumstance that it destroys much that may be objectionable 
or harmful in foul air. The air is not better because it contains 
ozone but because this ozone signifies the absence of such organic 
effluvia as otherwise would be obnoxious. 

The well established fact that ozone is a powerful germicide in 
the presence of water has led to much experimentation and specu- 
lation on its possible power of destroying the bacteria in the aix. 
Wyssokowitz (10) experimented with chemically formed ozone and 
found a diminution in the air bacteria, but owing to the many pos- 
sible errors in his method of procedure his results are frankly 
admitted to be of little value. He attributed the effect observed 
to the simultaneous formation of acid, which rendered the soil 
unsuitable for the growth of bacteria. Froelich (11) found some 
diminution in air bacteria with strong ozone. Sonntag (12) found 
no effect of ozone in low concentrations on dry bacteria, but with 
extremely high concentrations (13.5 gm. per cbm.) the bacteria 
were destroyed. Konrich also obtained negative results with cul- 
tures dried on strips of filter paper and on glass rods. Labbe and 
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Oudin produced diminution in the bacterial count but they admit 
that their results are of little importance, owing to possible sources 
of error. 

Bail (13) has experimented quite extensively and states: — 

**Even strong ozonization of the enclosed air with circulation 
never allowed the beginning percentage of the air as regards bac- 
teria to be reduced in a conclusive manner. The bacteria in the 
air were determined either on open agar plates, or else by passing 
known quantities of air through gelatine. Passing air, ozonized as 
much as possible in the apparatus, through tubes having powdered 
bacteria or through loose sand containing bacteria gave no con- 
clusive indication of an effective action of the ozone on the bac- 
teria. Experiments to change the humidity of the air by evaporat- 
ing water during ozonization and circulation produced no changes 
in the results.*' 

Jordan and Carlson found little or no effect on plated and dried 
cultures with lo\t ozone concentrations, but in four tests on the 
bacteria suspended in the air, three showed an average decrease 
of 53 per cent, and one showed an increase of 10 per cent. Franklin 
(14) showed a decrease in the bacteria suspended in the air but 
the ozone concentration probably was relatively high. 

The general evidence of laboratory experimentation seems to 
indicate that low concentrations of ozone, at least, have no con- 
sistently demonstrable action on dried bacteria, whether in cul- 
tures or floating in air. On the other hand, there is a considerable 
amount of evidence to the effect that in storage cellars and similar 
places the growth of fungi, molds, and similar micro-organisms 
is impeded, if not totally repressed, by even weak ozone concen- 
trations applied for prolonged periods. A possible explanation is 
afforded in the work of Trillat (15), who has shown : 

*That the transport of pathogenic microbes in the air is effected 
especially by the damp which contains, in an infinitesimal state, 
traces of gas-aliments. Moreover, it would seem that the air, when 
it fulfills certain conditions of dampness, of chemical composition, 
of temperature, and of age of microbes, is capable of being fer- 
tilized directly by the contact of a microbian source. Up till now 
it was thought, according to numerous observations, that for mi- 
crobes to be transported by the air it was necessary to project them 
into it by some mechanical action, such as pulverization or any 
other means, the effect of which would be to detach them from 
their support. Contrary to this notion, Trillat and Fouassier have 



Digitized by 



Google 



344 AIR OZONATION. 

established experiments demonstrating that when the superposition 
of certain factors takes place, the sowing of the air is performed 
in the same manner as that of a bouillon culture, merely by the 
play and movement of the invisible vesicles which constitute the 
humidity of the air. In an infinitely feeble volume of about one 
hundred-thousandth of a cubic millimeter these tiny drops are unin- 
fluenced by the action of the force of gravity. They are always 
mobile under the influence of the least variation of temperature. 
M. Trillat and Fouassier have shown how the contamination of 
the air takes place in a closed and tranquil space, without the inter- 
vention of the presence of dust or of any mechanical means, as 
was believed up to the present time." 

It seems probable that the gradual lessening in the bacterial 
count in the air of places that have been ozonized for some time 
is due, not to direct influence of ozone on the bacteria, but to the 
alteration in the air as a culture medium and also to the fact that 
the myriad cracks and crevasses in the walls, ceiling, hangings, 
furniture, etc., which harbor cultures that constantly supply bac- . 
teria to the air, are gradually exhausted. This would account for 
the discrepancy between laboratory tests of brief duration and 
actual prolonged trials. 

ODOR DESTRUCTION. In addition to the odor destruction tests out- 
lined above and already published, further tests have since been 
made with casein and with tobacco smoke. The casein tests were 
undertaken with the object of destroying the odors arising from 
a factory producing about 500,020 lbs. casein per month. This 
material had a very bad, nauseating odor. In drying the material, 
air is passed over it or through it, and this takes up part of the 
disagreeable odor. This air then passes up a stack and out into 
the atmosphere, where it proves a nuisance to the neighborhood. 
The problem is to destroy the odor before it passes up the stack. 

Tests were made on the effluvium from the casein to determine 
whether ozone would affect it. For this purpose about 15 gm. 
were put into a Petri dish under a bell jar. When the air had 
become saturated it was caused to displace the water in a WolflF 
bottle. A measured amount of this effluvium was then allowed to 
mix with a measured amount of ozonized air of known concen- 
tration. Several tests were made, using various quantities of ozone, 
any odor due to excessive ozone being removed with ferrous sul- 
phate. In each case the odor due to casein was destroyed. The 
least quantity of ozone which sufficed was 1.84 mg. per liter of 
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effluvium; 1.76 mg. per liter left a slight trace of the odor. The 
results are presented herewith : 

1. 1 L. of effluvium was entirely deodorized by .47 mg. of ozone, 
with a distinct excess of ozone. 

2. 11 L. of effluvium were entirely deodorized with .41 mg. 
of ozone or .037 mg. per L. with excess of ozone. 

3. 14 L. of effluvium were deodorized with .171 mg. of ozone 
or .012 mg. per L. with excess of ozone. 

4. 0.0057 mg. ozone pet liter of effluvium materially lessened 
the odor but did not destroy it entirely. 

CONCLUSIONS. The proportion of air to casein in the experiment 
was less than in the most unfavorable case that the factory con- 
ditions exhibit. The casein used was in a much more advanced 
state of decay and probably had odors- that were far stronger than 
are ever obtained at the factory. Complete elimination of the 
odor was the object in the experiment, and this was obtained at 
will. The qualitative tests which preceded the quantitative tests 
demonstrated that actual destruction and not masking of the odor 
was attained. 

SMOKE. The destruction of the odor of stale tobacco smoke and 
of old moist cigar stumps has always constituted a most graphic 
illustration of the power of ozone. Rooms in which much smoking 
has occurred retain the odor of tobacco in the walls, hangings and 
furnishings and this odor is enduring and persistent. Experiments 
in which it was shown that the odor imparted to cheese cloth by 
tobacco smoke could be destroyed by ozone have been published 
in the previously cited paper (16). There seems to be some 
difference of opinion, however, regarding the effect of ozone on 
the smoke present in an occupied room during the actual smoking, 
and where the ozone is of such strength as to be comfortably 
borne by the room occupants. 

Hill and Flack (17) noted that the apparent density of the smoke 
diminished and that the odor disappeared. Kisskalt, Schwartz and 
Miinchmeyer (18) noted a lessening in the smoke density and total 
disappearance of the odor. Cramer (19) states with regard to 
experiments performed on a large scale: — 

"All that could be clearly demonstrated was the fact that the 
smoke haze became appreciably lighter and that the pungent char- 
acteristic of the smoke disappeared, rendering it no longer irritating 
to the eyes." 
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Czaplewski (20) states: — 

"In our own tests with stronger ozone concentrations, cigarette 
smoke was entirely destroyed in a room so as not to be perceived 
by a person entering the room from the outside. There was no 
'after* smell and tobacco smoke on clothing is disposed of by ozone/' 

Smoke consists of particles of carbon and of various volatilized 
pungent and aromatic substances. Only the latter give taste, smell 
and irritating properties to smoke, the carbon contributing most of 
the visibility. The volatile elements in smoke exist in the gaseous 
form: i.e., in a state of molecular subdivision, but the carbon par- 
ticles exist in the shape of molecular aggregates, each of infinite 
size compared with the molecules themselves, otherwise they would 
not be visible. Ozone can combine only with the volatile elements 
in smoke. It thus renders it odorless, tasteless, and incapable of 
causing irritation, but it cannot burn the carbon which in any event is 
totally inert and harmless. Numerous tests with actual smoke have 
shown this to be true. 

In my own tests I have observed that when the ozone is turned 
on in a smoke laden atmosphere the density of the smoke lessens 
and the odor and pungency disappear, the smoke being entirely 
undetectable excepting for its visibility. For some time I have 
suspected that the apparent diminution in visual density might be 
due to stirring up of the air by the fan which is attached to all 
the ozonators with which I have experimented in this direction. 
Some experiments were performed to determine whether or not 
ozone actually diminished the smoke density. The general arrange- 
ment of the apparatus is shown in Figure (1). Wolff bottles of 
2 L. capacity, and furnished with a tubulure at the base, were 
filled with water. One of the necks was stoppered and the other 
attached by a rubber tube to a glass funnel inverted over a quantity 
of burning tobacco. The tobacco was burned on a thin flat iron 
plate by means of a gas burner placed underneath. The funnel 
was supported with its rim about ^ inch above the plate and 
directly above the tobacco. When the tubulure was opened and 
water permitted to flow from the Wolff bottle, the air which replaced 
the water flowed under the edge of the inverted funnel and over 
the burning tobacco, whose smoke was carried along with the air. 
In this manner each of two bottles was half filled with a dense 
cloud of smoke. One of these bottles was then connected to the 
ozone line and the remaining water replaced by ozonized air, leav- 
ing about J4 inch of water in the bottom of the bottle. Into the 
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(Figure I.) 

Other bottle atmospheric air was introduced in the same manner. 
The bottles were then shaken to cause the water to mix the smoke 
and air thoroughly, and the bottles were placed side by side on a 
shelf and observed after various periods of time. The results 
are presented in the following tabulation : — 



I 


11 


III 


IV 


V 


VI 


Test No. 


Ozone mg. 


15 min. 


30 min. 


1 hr. 


4 hrs 


1 


1.05 


slightly 
clearer 


slightly 
clearer 


marked 
clearing 
(slight) 


marked 
clearing 


2 


.92 


slightly 
clearer 


slightly 
clearer 


slightly 
clearer 


marked 
clearing 


3 


1.10 


no 
difference 


slightly 
clearer 


slightly 
clearer 


slightly 
clearer 


4 


1.13 


slightly 
clearer (?) 


slightly 
clearer 


marked 
clearing 


marked 
clearing 


5 


.96 


slightly 
clearer 


slightly 
clearer 


slightly 
clearer 


marked 
clearing 
(slight) 



The remarks under columns III, IV, V and VI refer to the 
bottles containing smoke, air and ozone, directly compared with 
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the corresponding bottles containing only air and smoke. 
The tobacco was of a standard inexpensive **cut plug" variety 
sold in ten cent packages and was rather sweet, strong and moist. 
The amount of tobacco was very nearly 2.0 gm. in each case 
and was completely burned, the whole gaseous products of 
combustion entering the Wolff bottle. There was considerable 
condensation on the funnel at first but later this decreased 
greatly, as ascertained on weighing the funnel, and the results 
given are of the later tests. The smoke in the bottles was 
much denser than could be obtained in any room by persons 
smoking. 




(Figure 2.) 

It will be seen that in the bottle containing ozone the smoke, 
in general, cleared sooner than that in the bottle containing only 
air. The difference, though always unmistakable after several 
hours, was only occasionably quite marked. Figure (2) pre- 
sents a case in which the difference was very pronounced. The 
amount of clearing after the lesser periods of time was so slight 
as often to be questionable, but in general it can be said that 
the ozone makes a slight reduction in the smoke density. In 
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each case the smoke settled slowly in a cloud, leaving the top 
of the bottle clear. The "conglomeration" noted by Cramer (21) 
was seen only in one test (No. 3) and then only faintly. 

It might be concluded from the above tests that ozone is 
capable of lessening somewhat the visual density of tobacco 
smoke, but when it is remembered that the ozone concentration 
was about 1 gm. per cbm. it hardly seems probable on first 
thought that the clearing noted when ozone at a concentration 
not exceeding 1 mg. per cbm. is turned into a smoky room, is 
due alone to the action of the ozone. However, a considera- 
tion of the quantities involved indicates that this may well be 
true. In the tests the products of combustion of 2 gm. of tobacco 
were collected in the space of 2 L. in approximately 2 minutes. 
This would be equivalent to burning 41 kg. tobacco in a room 
of 41 cbm. (12 ft. X 12 ft. x 10 ft.) in 2 minutes. Five men 
smoking pipes in such a room would burn only 4.3 gm. in the 
same period. Thus the ratio of tobacco consumption in the 
above described laboratory tests and in this hypothetical case 
is approximately 10,000:: 1, while the ratio of the ozone concen- 
trations is only 1,000:: 1, or in a similar actual case occurring in 
practice the amount of ozone would be about ten times more in 
proportion to the tobacco than in the tests described. Besides 
this there would be approximately 10,000 times as much air for 
the smoke to diffuse into and a marked clearing action is exer- 
cised by the air, which may be intensified by the action of the 
ozone. The estimates of the amounts of tobacco consumed are 
based on measurements of ten pipes and on timing different 
smokers. The average amount of tobacco (of the kind used in 
the experiments) held by the pipes was 1.62 gm. and the average 
time of smoking was 38 minutes. In all cases the odor of the 
smoke was markedly or even completely removed, leaving it 
odorless, tasteless and with no power to irritate the mucous 
membranes of the eyes, nose, or mouth. 

Fragments of cloth were cut into strips 5 cm. x 8 cm. and 
suspended in a bell jar having a tubulure at the bottom and a 
neck at the top. The latter was connected to an aspirator and 
tobacco smoke was drawn in at the tubulure. After the smoke 
from 2.5 gm. of tobacco had permeated the cloth strips the 
latter were removed and examined; they smelled strongly of 
tobacco. They were then replaced in the bell jar and ozonized 
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air was drawn through for varying periods of time. The con- 
centration was 1.03 mg. per cbm. The results were as follows: — 

Test No. Material. Result. 

1 Cheese cloth (thoroughly washed). Thoroughly deodorized — 9 min. 

2 Cheviot (cut from an old suit) ... Thoroughly deodorized — 29 min. 

3 Satin (cut from lining of old 

suit) Thoroughly deodorized — 18 min. 

4 Duck (New) Thoroughly deodorized — 6 min. 

No. 1 became most strongly odorous with the same exposure 
as the others. After a rest of 12 hours No. 2 experienced a 
slight though distinct return of odor, which, however, disap- 
peared finally with 5 minutes' additional ozonation. The com- 
parative thickness and microscopic complexity of the cloth un- 
doubtedly accounts for this phenomenon. 

Cold Storage and Food Preservation. Czaplewski states: — 

"A great field for ozone ventilation seems to open in the food 
industry, especially in the cold storage chambers of abattoirs. 
Ozone has been shown to have caused direct saving in many of 
these plants, the meat remaining fresh and sweet for a much 
longer period with ozone than without. In egg cold storage 
the ozone has given excellent results in that the disagreeable 
straw and box odors disappear, the eggs last longer, and fewer 
decay." 

Bail (22) reports, referring to the Cologne abattoir: — 

**Meat that had decayed was at least partially reclaimed by 
the ozone, the mold coating having disappeared." 

Saint Pere (23) states: — 

"Only pure ozone should be used in food preservation. Pure 
ozone on decomposition yields only pure oxygen but this is not 
true of ozone contaminated with other gases. The latter gives 
a peculiar odor to eggs, meats, etc., due to the nitrogen oxide 
impurities. The odor fixes itself permanently in the moist parts 
of meats, as the muscular fibres, ruining the best qualities. This 
contamination in ozone does not harmfully affect fruits; the 
thickness of the skin is apparently effectively increased, thus 
protecting it against the cold which otherwise hinders ripening." 

For most varieties of foods there exists a certain critical tem- 
perature below which they may not be stored without injurious 
freezing and above which they are liable to deleterious bacterial 
invasion. It is extremely difficult to maintain rooms at the 
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right temperature owing to the constant entrance and exit of 
operatives and because masses of material to be stored diffuse 
great quantities of heat on cooling down. The function of ozone 
is to limit bacterial activity at temperatures at which they might 
otherwise thrive. 

Egg Storage. We have performed experiments with the 
preservation of eggs at ordinary temperatures and present the 
results herewith: — 

Preliminary tests were made to determine the effect of ozone 
on egg albumin and to note the effect of vacuua on eggs. The 
eggs in all of the tests were from white Leghorn hens and were 
laid on the morning of the day of the tests. 

The albumin of three eggs was well mixed, diluted with an 
equal quantity of water and divided into two parts. One part 
was put into a Petri dish, 6 inches in diameter and ^ inch 
deep and placed under a bell jar, (9 inches in diameter by 12 
inches high) with openings at the top and near the bottom ^ 
at the side. Glass tubes provided with stop-cocks were inserted 
through corks in these openings; the one passing through the 
top opening extending downward inside the bell jar almost to 
the Petri dish. The lower glass tube was connected to an aspir- 
ator and ozonized air containing 5 gm. per cbm. was drawn 
from the upper tube over the Petri dish at the rate of 1 cbm. per 
hour. The total amount of air was 170 L., ozone 850 mg., period, 
10 minutes. 

The albumin coagulated considerably and the whole mass 
turned a weak yellowish grey color which was distinctly notice- 
able but not pronounced. There was no odor of ozone in the 
resulting coagulum. Strainihg and weighing showed that the 
coagulum represented 27.4 per cent, of the total albumin. 

The remaining half of the albumin solution was treated in the 
same way with atmospheric air instead of ozonized air. The 
amount of air and the period were the same and there was 16.4 
per cent, coagulation but no discoloration. 

Ten eggs were weighed, numbered, and placed under the bell 
jar in a Petri dish. The jar was then evacuated to 0.46 mm. hg. 
and kept in this state for two hours, when the pressure had 
risen 2.37 mm. owing to evaporation from the eggs, none having 
broken. The air was then slowly introduced till atmospheric 
pressure was reached and the eggs removed and weighed. 
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Wt 123456789 10 

Gms 57.13 63.06 68.75 61.78 61.61 62.62 54.79 5723 53.80 57.43 

Loss%.... .402 .365 .465 .461 .372 .335 .381 .540 .473 .400 

Mean wt. before 59.82 gm. 

Mean wt after 59.57 gm. 

Mean loss gms 25 gm. 

Mean loss % 42% 

These eggs were among the checks in the following experi- 
ments. Ten salt mouth bottles of 1 L. capacity were fitted with 
corks Yz inch thick, boiled in paraffine and provided with two 
glass tubes with stop-cocks. Two eggs, weighed and num- 
bered, were placed in each bottle and the corks replaced and 
sealed with paraffine. The bottles were exhausted to 0.59 mm. 
hg., after which air containing 320 mg. ozone per cbm. was 
slowly introduced. Ten control bottles were prepared in pre- 
cisely the same way, with the .exception that the air contained 
no ozone, and furnished with eggs. The bottles were num- 
bered and put away in a dark rootn and at periods of ten days 
one ozonized bottle and one check bottle were opened and the 
eggs examined and compared. One ^^'g from each bottle was 
boiled and the other fried in Crisco and wherever possible all 
of the eggs were eaten. The temperature varied from 16 deg. 
C. to 25 deg. C. during the whole period. 

Ten days : — There was no ozone left in the bottle. Both eggs 
were all right in every respect; loss of weight, .10 per cent, and 
.17 per cent. The control eggs were all right; loss of weight, 
.19 per cent, and .24 per cent. 

The remaining bottles were then evacuated and ozonized as 
at the beginning of the test and the control bottles evacuated 
and filled with air. In two bottles the eggs cracked and were 
discarded. 

Twenty days : — The ozonized eggs were all right in every re- 
spect; loss in weight, .45 per cent, and .49 per cent.; no ozone 
left. Of the unozonized eggs the boiled one tested like an old 
storage ^%% but the fried one seemed all right; the bottle had 
no smell; loss in weight, .57 per cent, and .56 per cent. 

Thirty days: — The ozonized eggs looked, smelt and tasted 
all right; no ozone left; spot in both shells because eggs had 
not been turned; loss in weight, .84 per cent, and .55 per cent. 

The unozonized bottle smelt from mildew ; eggs looked weedy 
and spoiled ; neither could be eaten ; half of the inside of shell 
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was black from lack of turning; loss in weight, .72 per cent, 
and .75 per cent. 

Forty days : — Ozonized eggs both good in all respects ; loss in 
weight, .65 per cent, and .98 per cent.; no ozone left. 

The unozonized bottle smelt from mildew; both eggs thor- 
oughly bad; could not be eaten; loss in weight, .88 per cent, 
and .96 per cent. 

Fifty days: — Ozonized eggs both all right in all respects; 
no ozone; loss in weight, 1.25 per cent, and 1.12 per cent. 

Unozonized eggs essentially same as at 40 days. 

Sixty days: — Ozonized bottle showed slight trace of mildew; 
shells slightly mildewed ; eggs both eaten but did not seem alto- 
gether fresh; loss in weight, 1.66 per cent, and 1.52 per cent. 

Unozonized eggs essentially as in 40 day test but more pro- 
nounced; loss in weight, 1.38 per cent, and 1.76 per cent. 

Seventy days: — Smell of mildew in ozone bottle; boiled tgg 
could not be eaten but fried egg was eaten and tasted somewhat 
stale; loss in weight, 1.59 per cent, and 1.69 per cent. 

Unozonized eggs were thoroughly rotten and mildewed ; 
strong HgS. 

It should be noted that the corks were not tight after the 
first trial; the ozone disappeared in a short time, the period 
lessening after each treatment; the ozonized eggs lasted about 
twice as long as the unozonized eggs; the temperatures were 
very high throughout. Further tests with ozone supplied con- 
stantly are to be reported later. 

Fresh eggs are covered with a thin mucilaginous envelope 
which renders them airtight but after a time this dries and 
desquamates, leaving the porous shell unprotected. Then fol- 
lows a period during which evaporation takes place and much 
of the water of the tgg passes through the shell, being replaced 
by air from without. This air carries a variety of enzymes and 
other micro-organisms through to the interior of the egg and 
it is probable that all the putrefactive changes in the egg are 
due to the activity of these organisms because the contents of 
fresh eggs are known to be absolutely sterile. Ozone by lessen- 
ing the number and activity of these organisms inhibits the 
putrefactive processes to which stored eggs are otherwise liable. 
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Conclusions: — From the evidence presented above, the fol- 
lowing conclusions may be drawn: — 

1. Ozone destroys the odors of certain food stuffs and other 
organic sources of odor. 

2. Ozone is in no sense poisonous, though in great concen- 
trations it is capable of causing local irritation of the mucous 
membranes with which it comes in contact. 

3. Prolonged ozonation is capable of ridding, at least in 
a measure, the atmosphere of food storage rooms of germ life, 
probably through rendering it an unsuitable medium for their 
support. 

4. Ozone is a valuable adjunct to ventilation, its function 
being the destruction of odor with consequent partial purifica- 
tion of the air ; there is nothing either in the theory or in recorded 
experience to warrant its use for curtailing ventilation. 

6. Eggs may be preserved longer with the aid of ozone than 
under similar conditions without. 

6. The analogy between laboratory tests and actual prac- 
tical applications is often so obscure and replete with modifying 
factors that the extremest care must be exercised in applying 
the results of experimental observations to practice. 
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DISCUSSION 

Prof. John R. Allen: The President has remarked that it is 
a very valuable paper, but there is one statement that he makes 
here that I question. In the first place, I have consulted with 
our Physiological and Psychological Departments of the Uni- 
versity of Michigan and they say that there is no instrument 
known by which you can absolutely measure odors. The ordi- 
nary way to measure them is by an olfactometer which employs 
the human nose as its means of measurement, and that is more 
or less inaccurate. The author here states that ozone acts by 
oxidizing the odors. Now in the first place we do not know what 
causes odors. We talk about the fine distribution of matter. 
When you come to radio-active materials and think of the in- 
finitely small amount radiated from them as compared to the 
energy that is given off; when you come to study smells such 
as the odor that is given off by a piece of sandal-wood that has 
been giving off an odor for two thousand years; when you 
come to imagine how small must be the particles that have been 
given off from that sandal-wood during all that long period and 
that it is still giving off particles sufficiently powerful, however 
minute, to affect the olfactory membrane, you will see that you 
are dealing with a very difficult subject. 

It is not possible, it appears to me, at the present time to tell 
whether we oxidize odors or not, because we do not know the 
chemical composition of odors. We are dealing with too minute 
particles to be able to analyze them ; and the question arises in 
my mind whether after all the ozone does as a matter of fact 
act by oxidation. It is quite probable that it acts by what we 
call "olfactory compensation." It is a well-known fact that you 
can compensate one odor with another. Take, for instance, 



Digitized by 



Google _ 



356 DISCUSSION ON AIR OZONATION. 

deodorized iodoform which has in it some material which neu- 
tralizes so far as the mucous membrane is concerned the smell 
of iodoform. The smell is there just the same, but the other 
smell deadens it so that so far as your nervous system is con- 
cerned it counteracts it; and it is probable that the action of 
ozone in the cases mentioned in the paper is simply through 
olfactory compensation. 

All this information is reflected light which I obtained from 
our Physiological and Psychological Departments before I came 
over here. 

President Lewis: While Professor Hoffman is getting his 
paper ready, I am going to express my thanks to him and to 
Professor Allen for inaugurating a custom which I believe is 
a very good one and which I hope will be followed by others 
of our membership, namely, that when papers are sent out 
prior to the meeting, the members will consider them and make 
written reports or prepare themselves to make verbal reports 
so that we may have the advantage of the opinions of experts in 
any particular line. The more we do that, the more rapidly will 
we elevate the plane of our proceedings. 

Prof. J. D. Hoffman: Quoting: ^'According to the modem 
theory of ventilation the only baneful factors in 'vitiated' air are 
heat, moisture and odors." 

Also: "It has been shown that in the worst cases the available 
oxygen is far in excess of the demand and that COg is harmless in 
concentration likely to be met with. The conviction once prevalent 
that organic 'crowd poisons' were the guilty factors likewise has 
been abolished." 

Also: "The most recently demolished belief was that bacteria 
existed as a menace in re-breathed air." 

Also: "The modern practice of ventilation, then, clearly is con- 
cerned only with absorbing the almost invariable quantity of heat 
produced per capita of room occupants, of removing the moisture 
transpired, and of destroying the odors generated, etc." 

According to these quotations, there is no question of doubt 
concerning the wholesomeness of respired air if it is only kept 
at the proper temperature and humidity and kept free from 
odors. Let us imagine two men, of equal normal health quali- 
fications, except that one has lost the sense of smell. These 
men are subjected to an atmosphere heavily charged with offen- 
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sive odors. Will the man who has the normal sense of smell 
receive the greater injury? Certainly odors are not harmful. 
They merely indicate the trouble. I am personally inclined to 
regard the sense of smell as an easily applied proof of the st..^- 
nation of the air, comparable in a way, with our COj test, which 
is a proof of the amount of fresh air supplied and the distribu- 
tion of the air in the room. Eliminating odors as being merely 
unpleasant and not harmful, how about temperature and humid- 
ity? Surely heat and water are not baneful factors or harmful 
to the human body, except as taken in extraordinary amounts. 

Again, no person contends that an otherwise pure atmosphere 
having less than normal oxygen, or more than normal CO, 
will be fatal, or immediately harmful, although its subtle influ- 
ence upon health, by long continued applications to these con- 
ditions, is still to be proven. Again, the term "crowd poisons" 
— what are they ? And if we do define them, do we know enough 
about them to be sure there are no such poisons? 

Again, is it conclusively proven that bacteria does not exist 
in respired air? The careful observer will insist that judgment 
upon these most vital points, should be exceedingly deliberate. 

I wish to add my word of appreciation for the work done by 
the experimenters quoted. I have read of these experiments 
and have admired the painstaking carefulness employed. I am 
a believer in the sincerity of all the persons employed in the 
work, and accept the results as genuine, but cannot accept the 
conclusions of some of them. 

To subject persons in normal health, to bad air conditions 
for a few hours or days, and then draw conclusions as to the 
permanent health effects, is not good logic. Because persons 
may stand certain unsatisfactory surroundings for a brief period 
without apparent harm does not argue that the same persons 
could continue this indefinitely. 

Concerning bacterial and germ poisoning, there are many con- 
vincing object lessons to be seen all about us. In a family of 
my acquaintance, one member contracted tuberculosis in an 
unhealthy trade, and lay for some time before being taken. At 
this time, all the other members of the family seemed in normal 
health. But, within a couple of years, two more were taken 
in the same way although the disease was contracted differently 
from the first case. The remnant of the family was advised to 
move to other quarters and so far as I have learned, no more 
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were taken. The sentiment was expressed that leaving the old 
home, which no doubt was thoroughly filled with the germs of 
the disease, saved their lives. 

Another case which exhibited conditions fully as striking was 
called to my attention. In a fraternity house, one of the boys 
contracted tuberculosis, and while sitting by himself, used one 
of the discarded heat stacks as a spittoon. After his death one 
after another of these splendid fellows gave up their lives until 
the fraternity was completely demoralized. After the cause of 
the scourge was learned and a move was made to other quar- 
ters, everything was satisfactory. If time would permit, hun- 
dreds of such cases could be cited. 

Of all the delicate machinery enclosed in the human body, no 
part has more effect upon the general health than the incinera- 
tor or purifying plant, we call the lungs. When these are not 
supplied with air of proper quality or amount, or when they are 
thrown out of service by disease, stagnation ensues. 

I am convinced that the author of this paper does not wish 
us to understand that the wholesale destruction of former pre- 
cedents and ideals in ventilation, as here specified, is uncondi- 
tionally recommended by him. Notice the first quotation. The 
word "baneful" means having poisonous qualities, the state of 
being harmful or destructive, etc. Also, notice lines : "So far as 
is definitely known the value of ozone in ventilation is not due to 
any beneficial effect upon the human economy but to the circumstance 
that it destroys much that may be objectionable or harmful in *foul 
air, etc' " The whole value of this paper is based upon the fact 
that ozone has the power to destroy bacteria and harmful sub- 
stances floating in the air, and, since the author recognizes ozone 
to be a powerful germicide, he recommends it as an accessory to the 
modern ventilating system. 

I have no criticism to offer upon this view of the subject, 
except to say that the person not accustomed to inhaling ozone, 
had better begin with very small amounts and increase the dose 
gradually. In experimenting with an Ozonator, in my office, I 
found it necessary to limit its use, because of the influence of 
the ozone upon the membrane of the nose and throat of those 
persons regularly employed in the office. In the lecture rooms, 
however, where there were large room volumes and many peo- 
ple, the room air was freshened and deodorized and no com- 
plaints were made by any persons subjected to its influence for 
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one hour. This paper therefore, as an exponent for the use of 
ozone in the art of air conditioning, deserves commendation, 
but it weakens its position in making final and sweeping con- 
clusions concerning those phases of air conditions upon which 
there is, as yet, so much uncertainty. 

My conclusion is merely this : when air conditions within room 
interiors are become the same as those of the pure outside air, 
you may expect the best physical health of the people. 

Extract read from pamphlet of Prof. F. E. Lee : 

"Ozone is a form of oxygen in which three, instead of the usual 
two, atoms are united in the molecule. It is present in minute 
quantity in the atmosphere, usually not of cities, but of the 
country and the sea. Its powerful oxidizing properties and its 
intemperate advocacy by enthusiastic but unscientific persons 
have caused it to be hailed popularly as highly beneficial to the 
human body, not only in ordinary respiration, but in the puri- 
fication of the air of living rooms, the destruction of bacteria 
and other organic matters, and the cure of disease. On crisp 
cool mornings we are fain to enlarge our chests as we step into 
the open and breathe in deep draughts of this supposedly health- 
giving gas ; to mountain tops and forests we go in search of its 
renovating properties ; and our mail is fat with circulars descrip- 
tive of the marvelous benefits of ozone machines, of ozonizers 
and ozonators. In many offices and homes we find these ma- 
chines busily at work discharging into the atmosphere their 
peculiarly odoriferous product. Very recent investigations, how- 
ever, seem to make it clear that the supposed beneficial powers 
of ozone as a home companion are creations of the imagination. 
Two groups of American investigators, Jordan and Carlson in 
Chicago and Sawyer, Beckwith and Skolfield in Berkeley, have 
independently carried out each a series of careftfl experiments 
on the action of ozone on bacteria, animals and human beings. 
They find that ozone will indeed kill bacteria exposed in a 
room, but only when in such concentration that it will kill 
guinea-pigs first. 

There is no evidence for supposing that a quantity of ozone 
that can be tolerated by man has the least germicidal action. 

When present in any considerable quantity in the air ozone 
is irritating and probably corrosive to the lining membrane of 
the air passages of the nose, throat and lungs, causing the blood- 
vessels of this membrane to be excessively dilated and to present 
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the customary symptoms of "sore throat." It causes headache 
and drowsiness. The heart, at first accelerated, is later slowed 
and weakened, and the pressure of the blood in the arteries is 
unduly lowered. The case for ozone thus seems to narrow down 
to a supposed beneficial action in destroying or modifying un- 
pleasant odors in the air of a room. When in not too great 
concentration such odors are, it is true, overcome, though, it i's 
quite probable that their disappearance is due, not to an actual 
destruction oi the odoriferous substance, but partly to a replace- 
ment of the disagreeable odor by the odor of ozone and partly 
to fatigue or anesthesia of the olfactory membrane of the nose. 
It is very questionable whether this is wise and Jordan and 
Carlson well say: 

It seems to us that this is wrong in principle, and that ozone 
is being used and will be used as a crutch to bolster up poor 
ventilating systems. Ozone does not make pure air any more 
than strong spices make pure food." 

Dr. M. W. Franklin : I have read the discussions of my paper 
by Professor John R. Allen and Professor J. D. Hoffman, and 
also the extracts from Professor Frederick S. Lee's paper which 
was read at the request of the President. 

Professor Allen questions whether ozone destroys or only 
masks odors and states that our knowledge of odor is so lim- 
ited that we probably are not in a position to make any definite 
statement on this subject. I think I can show that we are justi- 
fied in stating unequivocally that ozone destroys the odors and 
does not mask them. In the first place, it may be assumed with 
reason that we are not gifted with two senses of smell : one for 
those chemical compounds whose formulae are not definitely 
known and one for those other chemical compounds whose for- 
mulae are definitely known ; and, therefore, if the odors of the 
compounds of known composition are demonstrably destroyed 
by ozone the disappearance of the odors of unknown compo- 
sition under similar circumstances is also due to destruction and 
not "olfactory compensation." Secondly, it may be assumed that 
if a certain substance gives rise to the sensation of smell ; if 
this sensation of smell disappears on the admixture of ozone 
with this substance; and if this substance is chemically con- 
verted by ozone into an entirely different substance having no 
odor, then the ozone has destroyed the odor and not the sense 
of smell. Hence, if it can be shown that in the case of chemical 
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substances of known composition, ozone destroys the odors, it 
is entirely reasonable to conclude that the disappearance of 
odor with ozone in substances whose compositions are not so 
well known is an indication of destruction and not of "olfactory 
compensation." Numerous tests which prove destruction of 
certain odors by ozone are available but I will refer to only the 
latest, namely, those of Professor J. C. Olsen ("Heating and 
Ventilating Magazine," July, 1914). Professor Olsen has shown 
that hydrogen sulphide, ammonia and clove oil (eucaine) are 
definitely destroyed by ozone and chemically converted into other 
substances which are without odor. Therefore, I feel justified 
in stating that where an odor is caused to disappear through 
the agency of ozone, this odor is destroyed and not masked. 

An example of such a chemical reaction is that between quick- 
silver and ozone. Quicksilver is a bright mobile liquid of great 
mass and of silvery color and luster. Ozone is an invisible gas 
which manifests itself to our senses only by its odor. These 
two substances are practically totally dissimilar. But when they 
are allowed to come into contact as, e.g., when a stream of ozone 
passes over a surface of mercury, it is found that the ozone and 
also the quicksilver disappear and in their place is left a black 
dense powder, the oxide of mercury. This latter bears no resem- 
blance physically or chemically to the two substances from 
which it was formed, but is very much like what lamp black 
would be if it became very much heavier. It is neither liquid, 
gaseous, silvery, bright, nor invisible and odorous, qualities pos- 
sessed by one or other of its forbears; in other words, it is no 
onger mercury nor ozone nor yet a mixture of the two, but 
a totally different substance. Precisely .the same change takes 
place when ozone combines with hydrogen sulphide. Both these 
substances are odorous gases but the results of their union are 
water and sulphur, a colorless liquid and a yellow solid, both 
without odor or taste. 

Furthermore, the methods of the tests which I conducted and 
to which I have alluded precludes the possibility of "olfactory 
compensation" being mistaken for odor destruction. The ozone 
was added to the odors in bottles and the excess ozone destroyed 
before testing the effect, so it is certain that whatever action 
the ozone exerted was on the odor and not on the nose. This 
is especially convincing in view of the fact that it is in accord- 
ance with sound, chemical theory and that all evidence which 
has been cited as supporting the opposite view may easily be 
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shown to be based on faulty experimental procedure and un- 
sound deduction. There is no reason to believe that although 
the odors of ammonia and of hydrogen sulphide are destroyed 
by ozone, the odor of perspiration, for example, is only masked 
by ozone. 

Professor J. D. Hoffman quotes several lines from my paper 
and takes exception to them. I stated that the only baneful 
factors in vitiated air are heat, moisture and odors; that the 
available oxygen is in excess of the demand and that the CO, 
is harmless in concentrations likely to be met with; that the 
existence of "crowd poisons" is generally discredited; that bac- 
teria as a menace in vitiated air are no longer seriously con- 
sidered ; and from these premises I deduced the conclusion that 
the modern practice of ventilation is concerned only with the 
absorption of heat, moisture, and the destruction of odors. In 
a paper presented at the Fourth International Congress on 
School Hygiene and published in the "Heating and Ventilating 
Magazine," V. X., 11, I gave a review of most of the important 
work that has been done on ventilation up to this time. All of 
the work which I cited was based upon experimental evidence 
by some of the best authorities in the world on bacteriology, 
physiology and sanitation and I can say that so far as such pub- 
lished data might be accepted, the opinions which I above enumer- 
ated are demonstrated facts. Whatever belief to the contrary 
may exist seems to be only in the minds of people who simply 
hold the opposite view through innate conviction. The opinions 
of those who have made careful statistical observations and who 
have experimented in the laboratory seem to be almost without 
exception in accordance with those views above enumerated. 
It is evident that facts of a medical and hygienic character are 
never definitely proven, but in forming an opinion on which to 
base a conclusion we are safer in accepting the vast preponder- 
ance of opinion amongst actual experimenters than in merely 
following our own unsupported convictions. These views which 
I have expressed may or may not be correct, but there is much evi- 
dence in support of them and virtually nothing to their discredit ; 
therefore, in the absence of better information I am forced to 
accept them. 

Professor Hoffman questioned whether respired air, freed 
from moisture and odors, and cooled, would be suitable for rein- 
spiration. I would refer him to the recent paper by Doctor T. 
R. Crowder, Sanitary Expert of the Pullman Company at Chi- 
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cago, for a most painstaking and scientific dissertation on this 
subject. According to Doctor Crowder the air might be rein- 
spired any number of times, providing enough fresh air is added 
to keep the COj vapor tension below the critical point and to 
supply the oxygen actually consumed. I certainly think that of 
two men confined in a close space, the one with the acute sense 
of smell would suffer more than the one in which this sense 
had been lost. Heat and moisture are most certainly baneful 
factors in room air when they exist in such quantities as to 
prevent loss of heat and moisture by the human body and the 
air is the only method of escape for the heat and moisture pro- 
duced in the body. Professor Hoffman seems to have under- 
stood that I believe that there are "crowd poisons" in air but 
I endeavored to point out that I do not hold this view, as will 
be evident on carefully reading my paper. 

Regarding the existence of bacteria in expired air, I would 
refer to Professor Chapin's classic work on this subject, (Modes 
and Sources of Infection). Professor Chapin is perhaps the 
foremost authority in America on the subject of epidemiology 
and his view in common with many other eminent authorities 
is that there is no air-born infection. 

With respect to the use of a very small amount of ozone in 
ventilation, I fully agree with Professor Hoffman, and our 
greatest difficulty has been in persuading people to use a suf- 
ficiently small amount to get results. 

Regarding the quotation from Professor Frederick S. Lee's 
paper, it can be said that Professor Lee's opinion is frankly 
based on the work of the authorities whom he quotes and not 
on any observations or studies of his own. The experiments 
which he cites showed that ozone, strong enough to produce 
sterility in cultures, would prove extremely injurious to occu- 
pants living in the room, such as guinea-pigs. This is true, but, 
as I have mentioned in my paper, no known method of room 
disinfection can be practiced in the presence of occupants. Fur- 
thermore, Jordan and Carlson's paper and those of Professor Olsen, 
myself and numerous other observers have shown that ozone 
most certainly will reduce the bacterial content of the air, even 
when in such small quantities as to be easily and comfortably 
respirable. 

The conclusions with respect to the action upon the heart and 
nervous system that Professor Lee quotes from Jordan and 
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Carlson are entirely negatived by their own statement that all 
the effects are due primarily to the local corrosive action of the 
ozone on the mucuous membranes of the lungs. Translated into 
lay language, this is a confession that ozone has no specific 
poisonous action whatever, but that when it is used strong 
enough to inflame and corrode the linings of the lungs there 
will result other secondary symptoms precisely as would be the 
case if the irritation had been caused in the first place by sul- 
phurous acid, hot steam, or even pure oxygen. Regarding his 
opinion as to whether ozone should be used to destroy odors 
because of the question as to whether ozone destroys or only 
masks odors, I think that I have already disposed of this ques- 
tion. 
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CCCLIV. 
THE HEATING INDUSTRY IN CANADA. 

BY NORMAN A. HILL, MEMBER 

In response to a request from our Secretary, and several re- 
minders from our President, I beg leave to present to you a short 
paper essentially nontechnical on the subject of the Heating Indus- 
try in Canada. In this paper the following seven topics are touched 
upon briefly: — 

1. As to peculiarities of trade practice as seen from the view- 
point of a United States citizen resident in Canada; 

2. As to prevalent Canadian practices in steam, vapor and hot 
water heating; 

3. Brief comments on some interesting installations in the City 
of Toronto; 

4. Contract practice as in vogue in Toronto; 

6. Compulsory ventilation laws existent and pending; 

6. Air conditioning — the lack of it, and the endeavor to promote 
it in Canada; 

7. Opportunities in Canada for the Manufacturer of Heating 
and Ventilating apparatus, and a general resume of this paper. 

One of the things that struck me as peculiar when I became a 
resident of this city and entered into private practice, (as a Con- 
sulting Engineer, specializing in Industrial Engineering work), 
over two years ago, was the fact that the large plumbing contrac- 
tors in this city, and throughout Canada generally do, not only 
heating and ventilating, but electric wiring for both light and power, 
and in many cases automatic sprinkler equipment, and vacuum 
cleaning installations as well. This strikes a **Yankee'' Engineer as 
decidedly odd, (all of us former residents of the United States are 
called "Yankees" whether we come from New England or Texas), 
and speaking from eight years' experience in the middle Atlantic 
States, I have found it very unusual for the average plumbing 
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contractor to undertake electric work, and automatic sprinkler 
equipment, until I moved to Canada. 

It would seem in accordance with the best local practice to use 
one pipe steam heating where low cost of installation is consid- 
ered, for cheap residence, apartments, stores, and business build- 
ings: For better class work; such as is found in the smaller 
manufactories, warehouses, office buildings, hotels, clubs, the best 
local practice seems to be for either vacutmi, steam or vapor heat- 
ing, using low pressure boilers. As a matter of fact high pressure 
boilers are not much used in Toronto, except where steam at 
high pressure is absolutely necessary ; this for the reason that elec- 
tric energy from the hydro plants may be obtained by large con- 
sumers at or about 1 cent per kilowatt delivered. 

Hot water heating is very popular for the better class of resi- 
dences and apartment house work, and strange to say it is still 
considered good practice locally to use twin connections, that is 
both supply and return connections being made at the same end of 
the radiator: By this I mean it is considered good practice by 
the Canadian Heating Contractors, although I do not know of any 
of the local Consulting Engineers, (who are practically all former 
United States citizens) who approve this twin connection arrange- 
ment with the old fashioned twin headers at the boilers, and sepa- 
rate feeders and returns run therefrom to each set of risers. Where 
work is laid out by one of our Consulting Engineers it is in accord- 
ance with the best American practice, and a tendency, as shown in 
the open tank system of gravity hot water heating, is to use rather 
small sizes and high velocity in order to enable the operator to 
warm a house up quickly in the morning after the system has 
been allowed to cool over night. In connection with local hot water 
heating it is interesting to note that forced hot water circulation 
is rather a new thing here, but fast coming into acceptance; as 
evidence of this fact, the following large installations are of this 
type :— 

The Toronto Central Technical School, 

Bishop Strachan School, 

Wellesley Hospital, 

New Union Station, 
and the new manufactory of the National Cash Register Company. 
In addition to the above mentioned interesting installations of 
forced hot water heating, many large buildings now in progress 
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of construction in Toronto are being furnished with vacuum or 
vapor steam heating, as for example: — 

The Toronto General Hospital, 

The Sick Children's Hospital, 

The Dominion Bank Office Building, (10 stories) 

The Canadian Pacific Building, (18 stores) 

The Royal Bank Office Building, (20 stories) 

The Municipal Registry Office, (6 stories) 
also the new factory of the United Drug Company, Limited, and 
the new factory and warehouse of the Ford Motor Car Company. 

It may interest you to know that in the city of Toronto, the 
gross cost of construction work last year was in excess of twenty- 
seven million dollars, and judging from building permits already 
issued, the gross construction investments for 1914 in Toronto will 
exceed thirty million dollars. These are really astonishing figures, 
when one considers that this city has a population of approximately 
500,000 people, while Baltimore with about 600,000 spends for 
construction work less than half the amount which is spent in 
Toronto or Montreal. 

As to local contracting practice, it is much the same here as any 
place else in Eastern Canada, that is to say, there is a decided ten- 
dency to let work by separate trades, rather than by general con- 
tract; as is the practice in the United States, wherever the opera- 
tion is of considerable size. This custom, of course, makes a 
great deal more work for the architects or engineers than is neces- 
sary where a general contractor is employed, but may be better 
for the heating industry generally, in that the heating contractors 
are not at the mercy of unscrupulous builders, who having once 
closed the contract **shop" the various sub-contracts for their own 
personal profit, regardless of the best interests of the owner, or 
the sub-contractors, whose tenders they used in making up their 
estimates. There is, however, a serious objection to this practice 
of letting the work on a large building by separate trades, in that 
the average architect, or engineer seems unable to prevent the over- 
lapping of work between contractors, and the omission of certain 
work due to the division of responsibility. 

Now as to time and material work in Canada, it was interesting 
to me to find that most of it was done on a cost plus 25 per cent, 
basis, and generally speaking it would seem that contractors for 
heating and ventilating do business in Canada upon a larger mar- 
gin of profit than is customary in the middle Atlantic States. 
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This has resulted, together with the duties paid on imported mate- 
rials, in increasing the cost of heating and ventilating work here 
on an average of from 20 to 30 per cent, more per unit than costs 
in Philadelphia, for example. 

Laws for compulsory ventilation of factories are fairly compre- 
hensive in the Province of Ontario now, and in this city the Medical 
Health Officer is at present requiring the owners of moving pic- 
ture theatres, and other public places of amusement to provide 
better ventilation, but there is really no satisfactory standard, or 
established practice for providing adequate ventilation for public 
buildings in this city, or elsewhere in the Province of Ontario, and 
I understand that conditions are similarly unsatisfactory as to 
ventilating laws, throughout Canada. 

The local Society of Heating and Ventilating Engineers, which 
has a membership of over forty, is endeavoring to obtain legisla- 
tion along the lines of adequate compulsory ventilation for all 
public buildings and factories of whatever nature. 

Air conditioning as it is generally known, including humidity 
control, and air purification, has made little progress in Canada, 
except in the best class of public school work, colleges, and bank- 
ing houses, but I am glad to say there is a decided movement on 
foot to make proper air conditioning a requirement by law in all 
public school houses in the city of Toronto. 

Automatic temperature regulation also, has not made nearly the 
progress it has in the Eastern United States; temperature control 
installations being pretty well confined, so far, in Canada, to the 
best class of hotels, office buildings, banking houses and private 
schools. 

The greatest opportunity to-day in Canada, in the heating indus- 
try, to my mind, is that existing for the manufacturer of heating 
specialties, that is to say, the concern which is in a position to 
open up a branch factory in Canada, and manufacture their prod- 
uct and place it upon the market, as a "made in Canada" article, 
for example: A great many of the steam specialties used in the 
better class of heating installations here, are imported from the 
United States, and I believe that a manufacturer with a complete 
line of heating specialty apparatus, including: vacuum, and vapor 
valves, angle, gate and radiator valves, pressure control and reduc- 
ing valves, boiler fittings, gauges, temperature regulators, air valves, 
floor and ceiling plates, and the miscellaneous specialties required 
for steam, vapor and hot water heating would have an excellent 
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field; particularly, if in connection with the hne, he would manu- 
facture good reliable elevators, fire vacuums, and boiler feed pumps. 
The field for contracting work, to my mind, is not so good for 
the United States concern contemplating a branch office in Eastern 
Canada. Nor is there the opportunity now existing, that there 
was some three or four years ago, for the new consulting heating 
engineer in this field. However, this huge country (larger in 
actual area than the United States) has room for all, and from my 
own experience has also a warm welcome for all, who peaceably 
invade it from the United States, provided the invader, in making 
his living here, can and does create or do something worth while ; 
for Eastern Canada is already over populated with incompetents, 
but there is an existing and increasing demand for the really com- 
petent individual in almost any Hne of business, including every 
branch of the heating industry. 

DISCUSSION 

Mr. James H. Davis: I would like to ask if the Toronto General 
Hospital doesn't use forced hot water for the direct radiation, and 
steam for the blast? It is the first job of its kind that I ever saw 
laid out in that way. 

Mr. Dwight D. Kimball: I feel very much interested in the 
paragraph relating to the general contract and separate contracts. 
T am glad to know that the tendency exists there to let by separate 
contracts. To my mind there is no justification for any other 
method of doing it. I think that in three states in the East there 
are now laws requiring separate contracts on all state and, in some 
cases, county and city work. I hope that such legislation will 
spread to the remaining states of the Union. 

I cannot see for the life of me where it makes more work 
for the architect and engineer. I am doing several jobs which 
were let with general contract. From the standpoint of the 
engineer it imposes a lamentable amount of unnecessary work. 
In certain cases matters of diffeJtence have to be carried back 
and forth between the general contractor, sub-contractor, the 
architect, etc., and by the time the whole matter has been passed 
backward and forward days, weeks and even months may elapse 
before the final round-up is made, and in some cases it is never 
completed. 
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Also the poor engineer finds difficulty in determining the basis 
of his fee. If he is collecting on a commission basis he is lucky 
if he gets paid in any reasonable time. It needlessly increases 
the amount of correspondence and detail work. I have not seen 
a single advantage in the general contract in any respect. It 
seems to me that the engineer, contractor, and architect are 
sadly overloaded with work because of the routine. 

Within the past three months I have heard of one contrac- 
tor who said that he would not put a bid in under a general 
contractor if he never got a contract; that he preferred to con- 
tract with the owner direct rather than with the general con- 
tractor, and that he would make a reduction of three per cent, 
in his bid, (which amounted to something like $60,000), if he 
could put it in on the basis of separate contracts. He said he 
would rather do that and receive his money promptly than sub- 
ject himself to the general contractor. 

In another case, before the contracts were let, the contractor 
made a statement to the architect that he would be glad to 
make a bid five per cent, less to the owner than his original bid 
to the general contractor, because he realized that he would prob- 
ably have to cut that much oflf before he got the job. The 
owner pays that five per cent, and the general contractor pockets 
it. I do not see where there is any advantage to the owner in 
that. 

Few people realize the amount of injustice to which sub- 
contractors are subjected by general contractors. 

True, similar injustice is done to the sub-contractors of the 
heating, lighting and plumbing contractors but this may be 
largely prevented by requiring these contractors to name their 
sub-contractors and materials in their proposals and holding 
them to the specifications and their statements in their proposal. 

As to the overlapping of certain work, or omission of certain 
work, it seems to me that that is a very serious reflection on intel- 
ligent architects and engineers, to say that they are not capable 
of preventing this. 1 have been going through it for eighteen 
years. There is no reason for either overlapping or omission if 
simple ordinary care is used in detail work. It is to prevent 
those things that the owner employs the architect or engineer, and 
when so employed they should be capable of doing what they are 
paid for. I think we would all be glad if we never heard of a 
general contract. 
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Mr. Theo. Weinshank: In the same line just referred to by 
Mr. Kimball, I will say that before our noble friend, T. J. 
Waters, of Chicago, died, he told me that during his admin- 
istration he had saved the city of Chicago nearly $12,000,000 by 
not having general contractors on any of the buildings. He 
let the brick work to one man, the stone work to another man, 
the carpenter work to another man, etc., and the result was that 
he had probably fifteen or twenty contracts. For the heating 
and ventilating he would let the blowers to one manufacturer, 
the galvanized iron to another man, etc. ; but he had a capable 
man as superintendent on the building to look after the work as 
it progressed. The five per cent, or ten per cent, which the 
general contractor usually adds to the sub-contracts he saved 
to the city of Chicago, and it amounted to $12,000,000. 

I know of a case in a certain city where a general contractor 
used to get figures from sub-contractors, and after receiving the 
contract, he used what contractors call "paddle" on sub-contrac- 
tor's figures. In other words, he would go to one sub-contractor 
and ask him to cut a certain amount from his original bid, and 
then go to another contractor and state that "A" has cut his 
figure and "if you will cut another hundred" he would give him 
the contract. Keeping this up he would finally get someone to 
figure low with him, with the idea of putting in the cheapest 
material possible. 

This certain contractor kept this up until such a time when 
the contractors got together and quoted him on a prospective 
contract, very low figures, and after he received the contract, 
they all withdrew their quotation, thus leaving him with about 
a $35,000 loss on the contract. 

This contractor is out of business to-day — and for all time 
to come. 

Referring to the case where Mr. Hill claimed that there seems 
to be a prevailing practice for the heating and ventilating con- 
tractor to add wiring, plumbing, etc., I may say this, that the 
English influence is still there, because that is done all through 
England, the heating engineer takes the contract for the heat- 
ing, plumbing, wiring, and everything in connection with the 
mechanical work on the building. Canada being so close to 
us, I hope in a short time that they will begin to learn that the 
more sub-cpn tractors there are on the job and the more the 
contract is split up, the better it is for the owner, the better it 
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IS for the contractor, and the better it is for the engineer, as 
well as reducing the cost of building. 

Mr. Dwight D. Kimball: I do not want my remarks to 
carry beyond their intent. Some may say, if you are going to 
take separate bids for the plumbing, the lighting and the heat- 
ing, why not take them on the brick work, carpenter work, etc. ? 
I think that is going too far. The heating, lighting and plumb- 
ing are essentially separate things and can be well divorced 
without interfering with the work on the building; in other 
words, they do not affect the building as a structure, but they 
comprise rather the mechanical equipment. So far as heat- 
ing, lighting and plumbing going together, it seems to me that 
this is growing to be the practice in this country. There are 
a good many contractors taking it up. 

Mr. Norman A. Hill: As I understand it, Mr. Kimball dis- 
agrees with my statement that the contracts for building con- 
struction and equipment should not be by separate trades because 
it puts much more work on the architects and engineers. While 
I may be wrong in that matter I am not convinced that I am. 
I was a contractor for over six years, but for the last four years 
have been on the other side of the fence in consulting engineer- 
ing. Our company now handles the architecture as well as the 
engineering of industrial buildings. We have found on large 
work that it is more economical (from possibly a selfish view- 
point, — that of the engineer and architect) to let the strictly 
structural or construction trades, the shell of the building, so 
far as possible to the least number of sub-contractors providing 
that you get men of known standing. We let equipment work 
generally to any one of the several large concerns in Toronto 
who do all work in mechanical lines and do it well. They all do 
good electrical work, good sprinkler work, good heating, good 
plumbing, etc. In other words, a general contract for building 
and a separate general contract for equipment. 

Speaking of the Canadian practice, the business methods there 
are quite different from those of the "live wire" plumbing and 
heating contractors that you find here. It is an established fact 
that with you the work of the architect and engineer is less than 
with us because the number of sub-contractors is smaller — pro\'ided 
that in giving a general contract for all trades you give it to a 
responsible building concern. I cannot see that by general con- 
tracting in that way the amount of work for the architect or 
engineer can be greater ; surely there is something saved in not 
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having to handle twelve or fifteen different sub-contracts. It 
seems to me, Mr. Kimball, there is not very much room for argu- 
ment on that. 

Now as to the question of the competency of the architect and 
engineer to prevent overlapping, that question is pertinent to 
Canada particularly; we have a peculiar condition there as to 
architecture which is easily understood when you realize that 
in Toronto 86 per cent, of the people are of either direct British 
descent or else the first generation are English, Scotch, Irish, or 
directly descended from those races. Therefore the local tone 
in architecture and engineering is essentially British, and their 
methods are not as much up to date as they should be, there is 
no question about that; and the architects there, according to 
my own experience in the last two years, have shown a preference 
to sub-letting to the different trades. I think that possibly is to 
the advantage of the separate trade contractor rather than to the 
interest of the Owner, for there is no doubt about it that when 
work is handled by the architects that we have in Canada and 
by the engineers that we have in Canada, this business of having 
everything covered by separate trade contracts, instead of one or 
two general contracts, results in a multiplication of extra' charges 
for the Owner. That is one big point that I wanted to bring out. 
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HYDRO-ELECTRIC POWER COMPARED WITH STEAM 

BY REGINALD PELHAM BOLTON, MEMBER 

The heating engineer is naturally concerned in all matters con- 
nected with the utilization of heat or the production of energy. The 
work of the profession has centred about the generation of steam, 
and the use of coal is the basis of the art at the present day, not- 
withstanding the advances of utilization of other forms of stored 
energy such as oil, gas and peat. 

Our profession cannot afford to ignore any developments bear- 
ing upon or affecting this great subject, which lies at the base of 
the habitable use of a large part of our own country. The heating 
engineer may well feel that in the development of his art, he is 
dealing with the fundamental necessity of our nation. 

The spread of general information has of late years attracted 
public attention to such wide subjects as the fuel resources of the 
nation, and the present dependence of the industries, the welfare 
as well as the comfort, and even the possible existence of a great 
part of our future population upon its available supply. These specu- 
lations have formed a large element in discussions upon the subject 
of conservation of national natural resources, which has widened 
into the advocacy of the development of water powers as a sub- 
stitute for the use of fuel. This process has been in existence since 
ancient times, but has been restricted in its application to its own 
locality, until, by the developments of science, the transformation 
of hydraulic power into electrical energy, and the transmission of 
the latter over extended distances, has become practicable, and 
has brought the developed and transmitted energy into sharp con- 
trast, and commercial competition, with the forces latent in fuels. 
At this point, therefore, the heating engineer becomes directly con- 
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cerned in the progress of the movement, and we may with advantage 
take up the subject and analyze the process from our own practical 
point of outlook. 

An Engineer's natural enquiry is, first, what is the principle of 
conservation, and in what way is it applicable to the application of 
water powers to electrical power development, and wherein is con- 
servation of fuel effected thereby. 

Real conservation consists in a reduction of any unnecessary 
use or wastage, of any natural supply of materials. It does not 
consist in the substitution of some other process or use of some 
other material to the abandonment of a formerly utilized material. 
The most economic and least expensive method is that which effects 
a conservation of a material. 

The high-sounding title of conservation is really nothing more 
than mere economy or thrift, terms which are as old as our language. 

The principle of conservation is, however, truly applicable only 
to this process, and is not found in an abandonment of the use 
of resources readily at our command, in favor of some other method 
of the production of energy, especially if the latter be accompanied 
by unnecessary expense in investment or operation. 

The engineer who effects increased results for the consumption 
of a given amount of fuel, is a true conservationist. The process 
has been in quiet progress for many years in the art of power 
production, during the agitation of conservation. 

The amount of fuel used for the production of a kilowatt of 
energy in modern plants has been undergoing a continuous reduc- 
tion, as a result of the greater concentration of the production, 
and the resulting use of better proportioned machinery. 

The actual conservation which has been effected by the more 
economic use of fuel in electric power production far exceeds any 
results that could have been attained by the use of all the water 
powers in present service. In one of our largest cities, during the 
ten years from 1903 to 1912 inclusive, a total of 3,782 millions of 
kilowatt hours was generated by the destruction of 6,284,000 tons 
of coal. In the year 1903, the rate of fuel consumption per kilo- 
watt hour generated was 6.87 pounds. At the end of ten years, 
this rate had been reduced partly by improvements, and partly by 
the larger units operated, as well as the improved load factor 
resulting from combining the demands of more consumers, to 
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less than three pounds of coal per kilowatt hour, or one half the 
rate obtaining in 1903. 

The consumption of fuel during the ten year period, if it had 
been maintained at the rate prevailing in 1903, would have involved 
the consumption of 13 million tons. There was saved or conserved, 
by the process of improvement, more than fifty per cent. The 
use of very large boilers, used at high rate of output, combined 
with large generators, has reduced the coal consumption per kilo- 
watt of energy for an hour, to less than two pounds weight of 
bituminous coal, in the Central Station of the Detroit Edison 
Company. 

The centralization of heating plants tends in the same direction. 

Undue excitement has been engendered by Conservation enthusi- 
asts over the possible exhaustion of our coal supplies. There are 
other sources of heat, of even greater extent which, as time pro- 
ceeds, may be rendered commercially and economically available. 
It may very likely be the case that, for the purposes of heating 
only, future generations may abandon the use of coal and sub- 
stitute less valuable materials such as lignite or peat, leaving the 
supply of more efficient material for the production of power for 
. profitable purposes. 

Our present demand for coal for all purposes is about 575 mil- 
lions of tons per annum. 

The commercial value of the material is mainly composed of 
the cost of labor and machinery for its extraction and of trans- 
portation from its source to its point of usage. Our entire system 
of railroads and our vast advantages in water transportation are 
contributory to the economical distribution of coal. In low cost 
of output, we take the lead in the world with an extraction of 
600 tons per employe per annum as against 275 tons per employe 
in the United Kingdom. 

The latest official guess at our available coal supply places it at 
six hundred thousand millions of tons. This may be geologically 
reliable or not, but it will depend upon the proportion of the total 
which is assumed to be won from the seams. At Hazleton, Penn- 
sylvania, abandoned seams of anthracite are being worked by 
stripping off the entire superincumbent soil and rock and instead 
of an expected forty per cent., it has been found that nearer sixty 
per cent, had been abandoned in the workings. 

At our present rate of fuel extraction, the estimate affords a 
store that will last a thousand years more or less, probably more. 
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since every improvement in economy will reduce the rate of usage 
for any given work. 

Lignite is available in still larger quantities. In seven of our 
western states alone, there is estimated to be more than a million 
million tons, or nearly two thousand years of the annual rate of 
coal output for 1912. 

The value of all fuel is not only in its heat capacity, which is 
present to a greater or less extent in vast stores of other materials, 
as well as in the rays of sunlight, but in its commercial cost. It 
is only in its present wide use to-day because of its commercial 
advantage over other forms of heat. 

If the commercial utilization of sunlight were practicable, it 
would be because the total cost is less than that of coal and the 
same remarks apply to the use of wind or water powers. 

The cost of the Sun-heating plant at Meadi, in Egypt, has been 
only $170 per horsepower, which compares very favorably with 
that of most water-power developments. 

There is nothing, therefore, inherently to the advantage of water 
power developments over other methods of power production, and 
no greater advantage to the world by their use nor less by their 
disuse, than by the present lack of utilization of the sun's rays 
or the wind's movements. 

The substitution of water power for steam power does not add 
an equivalent amount of fuel to the supplies of the nation. Water 
power which is now available will be just as available in the far 
future, and use can be made of it at any time, whenever its opera- 
tion proves economically desirable. That period or opportunity 
depends upon the relative cost of coal, and the utilization of water 
power is clearly dependent upon the price of fuel, at the point 
of distribution of heat or energy. 

Since water powers are continuous, and coal or other fuel sup- 
plies are not, the only effect of utilizing the power of water at 
the present time, is to delay, to that extent, the consumption of 
an equivalent amount of the available fuel supply. There is no 
eventual saving in fuel whatever, since the coal will be used 
either now or in the future, and water power may be used at any 
time between now and the end of the estimated life of the coal 
supply. Thus, a water power simply renders available, at some 
future period, a certain proportion of the fuel which might other- 
wise have been consumed at a prior date. 

There is evidently, therefore, no true conservation effected by 
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the use of water power as a substitute for coal, but only a delay 
in the eventual use of the fuel. But the present supply of fuel is 
so accessible that it is more economical to use fuel in most locali- 
ties than it is to develop and use available water powers. Nothing, 
therefore, can be gained from an economic standpoint, or for the 
enrichment of the nation, by any premature use of water power 
which involves excessive cost. Wherever water power has been 
developed to advantage, it has been because fuel was either unavail- 
able or was relatively expensive in the region served by the water 
power, as in the partly undeveloped regions of the west. 

The statement that water power may not be as economical a 
source of energy as steam power, will doubtless constitute a disap- 
pointment and perhaps come as a sharp surprise to many persons, 
whose ideas on the subject have been developed merely by con- 
sideration of the apparently ready availability of energy in the 
form of falling water. Official statements have been widely pub- 
lished as to the large quantities of power existing in water falls 
and rapids jn this country. These statements always fail to convey 
the necessary information that the power is stated in terms of 
water horsepower, which is very different to the unit of generated 
energy. 

It is officially asserted that there is in use in this country, a 
force of six million water horsepower. Most of this power is 
situated in districts remote from the place of commercial usage. 
It must be transformed from water horsepower into electrical 
horsepower, transmitted over certain distances, and finally dis- 
tributed to the consumers. Any comparison as to its commercial 
or relative value as compared with fuel must be made upon the 
basis of the distributed and utilized energy which could be gen- 
erated upon the spot by the use of fuel. 

The losses due to the process of generating electricity by water 
power are considerable: They consist in losses of head due to 
water shortage, loss in draft tubes, losses due to inefficiency of 
turbines, and varying heads and loads, dynamic and frictional 
losses in operating generators, losses due to transformation and 
transmission of electricity. 

In the case of the large plant of the City of Seattle, tests were 
made, the result of which showed that of the dynamic force avail- 
able in the water at the penstock, only 50 per cent, is represented 
by the transmitted energy in the form of electricity. Quoting from 
the annual report for 1911. "This study brought out the important 
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fact that in determining the amount of power in a reservoir, the 
efficiency ordinarily assumed for the power units is much too high 
and misleading." While the combined efficiency of generator and 
wheel was found, in the case of the 6,000 kilowatt units to be 
76.7 per cent, and in the case of the 1500 kw. units 69.9 per cent. ; 
the all-day efficiency of the plant for 1911 was 66.7 per cent. In- 
cluding current for excitation, the all-day efficiency was 55.7 per 
cent. 

The losses are tabulated as follows: 
Generating system — Per cent, of total energy at penstock lost: 

Penstocks 2.31 

Water wheels 37.89 

Generators 3.78 

Excitations 1.26 

Station lights and control 0.33 

Loss of station output, of penstock input 45.57 

Transmission System: 

Step-up 2.14 

Transmission 0.72 

Step-down 1.72 

Loss of transmission system in per cent, of penstock 4.58 

Total loss 50.15 

Net energy delivered, of energy at penstock =49.85 

Back of these fundamental reductions in the value of water 
power, lie further burdens of cost of construction as compared 
with steam-power plants, which* are increased by the cost of con- 
structing, and expenses of operating, transmission lines. The state- 
ment has recently been made by Mr. Lucius B. Andrus, that, 
owing to the usual conditions prevailing around our water powers. 
it may be assumed that water power developments will cost about 
$250 per kilowatt, the fixed charges on which, therefore, would 
amount to about $25.00 per year per kilowatt of maximum capacity. 
The cost of transmission systems will add from $100 per kilowatt 
upwards to this initial cost of development. 

The Niagara transmission system of the Hydro-Electric Power 
Commission of Ontario has cost, up to October, 1913, $128 per 
kilowatt of maximum demand, and $60 additional per kilowatt, 
for transformation apparatus and transformer stations, making a 
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total of $188 per kilowatt, the fix^ charges on which are about 
$15 per kilowatt of maximum demand. 

Carrying such initial burdens, hydro-created energy must meet, 
at the point of its distribution, competition established by any well- 
proportioned and economically operated steam system. Modem 
steam generating power plants have been constructed recently at 
a cost of $50 per kilowatt of installed capacity. The fixed charges 
are thus less than a third of the cost of the transmission system 
alone, such as that of the Ontario Government. 

Mr. John C. Parker of the Rochester Railway & Light Company, 
states that a modem steam-generating station of 20,000 kilowatts 
capacity, with 10,000 kilowatts added for reserve, can generate 
energy at a cost of 0.5 of a cent, per kilowatt hour, inclusive of 
interest, and depreciation on its cost, and all operating expenditures. 

The costs of hydro-electric energy in 1012 in several cities of our 
State, were as follows : 

Rome 1.140 cents per kw. hour 

Albany 0.907 cents per kw. hour 

Syracuse 0.646 cents per kw. hour 

Rochester 0.520 cents per kw. hour 

The cost of steam-produced energy in the latter city was : 

Fuel 0.170 

Labor 0.126 

Supplies 0.026 

Repairs, etc ' 0.022 



0.344 
The cost of the service of hydro-electric energy often looks at- 
tractive if the effect of purchasing energy by the annual horse- 
power rate is not fully appreciated. Appearance of cheapness is 
given to a service of this character when a consumer contracts for 
a supply of energy at a rate of say $25 per annual electric horse- 
power. Under the terms of such an arrangement, the consumer 
may use this horsepower at full capacity day and night, the whole 
year round. But under practical circumstances of industrial opera- 
tions, it cannot be utilized for more than the usual hours of factory 
operation, or 3,000 out of 8,760 hours. Moreover, the conditions 
of all industrial operations are such that the full connected load 
cannot be utilized at all times, and the percentage of use of the 
maximum or connected capacity will vary down to as low an aver- 
age as 6 per cent, in certain industries. 
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This diagram shows the uolt price of an annual horsepower at yarioos num- 
bers of hours of use, and at any load factor on the basis of one dollar per annua, 
horsepower. The price per horsepower hour, or per kilowatt hour, which is read 
upon the horizontal scales at the base of the diagram, should be multiplied by the 
number of dollars paid per annual horsepower. As an instance, the purchase of an 
annual horsepower at ^ used for 8,000 hours, on a 88 per cent, average use or 
load factor. Is equivalent to a price of 3 4/10 cents per kilowatt hour of energy 
actually used. This price is no better than could be obtained from many com- 
paratively ill-equipped steam power systems. 

Since the basis of comparison and competition is the utilized 
energy at the place where it is required, a steam plant developing 
energy as and when it is wanted, and meeting, without excessive 
losses, the fluctuations in demand, is at a considerable advantage, 
compared with a hydro-electric system in which the force is at all 
times available in full quantity and can only be varied by changing 
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the number of units in operation. Still, it may appear to be, to 
those unacquainted with steam economies, a strange assertion that 
energy supplied from Niagara may not be as economical as steam- 
generated energy within a distance of twenty miles of the Falls. 

Facts recently published by the Public Service Commission of 
the Second District, of the State of New York, in a recent case, 
No. 169, demonstrate that this is actually the case. A contract 
was proposed to be made for the purchase from one of the existing 
power installations at Niagara, of a minimum quantity of 46,000 
electric horsepower, at a price of $12.50 per annual horsepower. 
The purchase of this energy involved an acquisition of franchises 
and rights of way, the cost of which ran into about a million 
dollars. In addition, a transmission line and transformer stations 
involved the expenditure of about one half million dollars. 

The following comparison of the elements of cost in this pro- 
posal, as compared with the generation of the same amount of 
distributable energy at the place of usage by steam power, shows 
that the latter is the more economical process of the two: 
Cost of Niagara energy * compared with steam : 

Purchased amount — electric horsepower 46,000 

Assumed sales, of connected load, e.h.p 63,000 

Equivalent in kilowatts, kw 47,000 

Assumed favorable load factor, per cent 33 

Output at point of delivery, kw. hrs 137,000,000 

Hydro-Electric : 

Purchase price at Niagara $575,000 

Operation to point of delivery 115,000 

Interest and charges on transmission line 50,000 

Cost $740,000 

Steam : 

137,000,000 kw. hours at 0.5 cent =$685,000 

Steam is cheaper by, per annum 55,000 

Perhaps the most interesting feature in the development of hydro- 
electric processes has been the gradual dependence of such systems 
upon steam-power plants as reserve and security against break- 
downs of their generating and transmission systems. When every 
precaution has been taken in connection with water-power develop- 
ment, or a transmission system, experience has shown that failure 
by ice or storm or flood must always be anticipated, and a neces- 
sary provision is required in the form of steam power reserve 
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plants, the cost of which becomes an additional burden upon the 
hydro-electric development. 

The author of "Hydro-Electric Practice" says, **A very good and 
learned friend of mine remarked that he *could always find a 
hydro-electric plant by looking for a smokestack near a river,' " 
and Dr. Charles P. Steinmetz writes, **the possibility of a break- 
down of a transmission line requires a steam reserve." When 
security and Continuity of service are of value, steam power must 
be considered superior to water. 

The most interesting demonstration of this fact has been very 
recently made in the report of the Commissioners of the Hydro- 
Electric System of the City of Toronto. This body, after only 
a few years of operation, has come to the conclusion that a million 
dollars, which is a twenty per cent, additional capital investment, 
must be spent upon the construction of a steam reserve plant in 
that city. Another striking illustration of the same process is 
found in the presept construction of a steam generating station of 
88,000 horsepower capacity by the Dominion Power & Trans- 
mission Company, of Hamilton, Ontario, only forty miles away 
from Niagara, and in a city served by its own hydro-electric sys- 
tem, as well as by that of the competing system of the Ontario 
Government. 

There is therefore comparatively little value in the broad assump- 
tions of conservationists on the subject of "white coal," "harnessed 
energy" and "conservation" of water powers. 

The value of water powers is restricted to the equivalent cost of 
production by other sources of energy. 

Their non-utilization is no more of a loss to the world than our 
present lack of use of the heat of the sun, the movement of the 
wind, or the rise and fall of the tides. 

One of the wild statements periodically issued by the political 
authorities of Ontario recently asserted that the Province would 
soon be utilizing half a million hydro-electric horsepower, and 
that this would result in an annual saving of 7J4 million dollars 
now paid for coal. 

The present use of the Government Niagara System is less than 
40,000 horsepower of maximum demand, so that the eventual result 
so anticipated would seem to be far distant, and meantime, steam 
power is beginning to be recognized as a necessary adjunct to a 
substantial extent. Use must be made of the reserve steam plant, 
or otherwise it becomes a heavy burden or cost. Thus, the cost 
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of hydro-energy is increased in three cities by the operation of 
necessary steam reserve plants by from 21 per cent, to 64 per 
cent. It must evidently pay to utilize a reserve to its best capacity^ 
and maintain it always in fully serviceable condition. The extent 
to which this should be done is a problem which has so far 
received little attention. In this direction, the steam engineer has 
a field for future operation. 

There is one feature of cost in which hydro-electric developments 
have a distinct advantage over steam stations; — located as they arc 
usually in unsettled districts, they are not burdened with the taxa- 
tion which falls upon the plant located in a crowded community. 
It is a fact that in the great cities taxation is greater than the 
cost of coal, and is nearly twice what is paid for station labor. 
But even with this handicap, steam is cheaper. It is the money 
required on investments which is the controlling element in the 
costs of energy, and these are always greater in the hydro than in 
the steam plant. Mr. Samuel Insull recently said, *'It is not the 
price of coal, nor even the price of labor, it is the price of money 
that "governs*." 

Every possible source of argument has been brought to bear, 
whether suitable or unsuitable, upon the public mind, in order to 
influence public opinion in favor of schemes for the development 
at public expense of water powers. Perhaps the most ingenious,, 
because the most distorted, has been the argument of conserva- 
tion, which, upon examination, is found to have little value. 

If similar publicity could be secured for the chastening reflec- 
tions accompanying exact figures and observations of comparative 
costs, and of the possibilities of economic fuel utilization, as that 
which is given to the assumptions of uninformed enthusiasts, it 
would doubtless change the general view of "conservation" as 
applied to the white coal, the harnessed energy, the glittering dew 
drops and the conservation of fuel by water power. 

When such modifying considerations are understood the public 
will doubtless exercise great caution in accepting suggestions for 
the expenditure of their money on the vacillating waters of falls,, 
rivers and rapids, where coal stands ready at less cost to afford 
dieaper and better service. 

And once it is fully understood that there is no conservation at 
all in the postponement of the use of fuel by another power which 
will be just as readily available later on as now, it is probablc- 
that much of the fanciful generalities as to glistening diamonds 
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and free power will fail to attract the attention of serious minded 
people. 

Water powers have their use, limited to their own locality, and 
restricted in value elsewhere by competing forms of other natural 
forces. 

Their use has been somewhat widened by their adaptation to 
electric energy and its transmissible capabilities, but this very fact 
has brought the system into sharp conflict with its competitors 
on the ground occupied by the latter. 

As in the past, so at present, Coal is King, and its dethronement 
will not be effected by water power, but more likely by sun power. 
Neither development, however, has an incentive so long as supply, 
transportation, and methods of its use keep pace with demand. 
With oil, lignite, and peat as its allies, the use of fuels will increase 
far beyond the point where every water power on the continent 
combined could seriously affect the situation. 

The way of conservation does not lie in the path of water- 
power developments, but in the direction in which we, as engineers, 
are specially engaged, the reduction of wastage, the promotion of 
economy, the spread of the habit of thrift, and the improvement of 
the art of effective utilization of the fuels which nature has so 
abundantly placed at our command. 

DISCUSSION 

President Lewis: I think Mr. Bolton has shown a creditable 
spirit in contributing this very interesting paper. I hope there 
will be a full discussion. 

Norman A. Hill: This paper is particularly interesting to me, 
because Mr. Bolton has referred to the hydro-electric development 
up in Ontario. I am pleiased to hear what he has to say about that, 
for the reason that I am living in Toronto and I get in the morning a 
paper that is known as the "Liberal" paper, and in the evening I 
get the other, the "Conservative" paper. I take both party papers 
so as to get a look at both sides of the political controversy with 
regard to the Hydro Electric Commission and its developments. 

The hydro-electric scheme has been fostered and carried along 
pretty well by the present government, the Conservatives, under 
the Honorable Sir Adam Beck, who Was recently knighted. 
Hydro is a pet scheme of the present Ontario Government, so 
that it is being supported by all the administration papers, and 
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criticised by the opposing party, which is the one that Sir Wilfred 
Laurier was the Premier of for so many years. They, the Lib- 
erals, of course, take every opportunity to slam the Hydro Elec- 
tric Commission, so that we get some very interesting discussions 
in the Toronto papers on this matter ; and in connection with it, 
on the desirability and necessity of a steam reserve plant : The 
Commission has reported that it is desirable and necessary to 
erect such a plant; but, it is a question whether the necessary 
legislation can be obtained to raise the funds, because any outlay 
for that reserve steam plant, so far as the City of Toronto is 
concerned, has to be approved by the taxpayers, and will have 
to be submitted at the regular elections. There is a good deal of 
opposition to the steam reserve plant even on the part of those 
people who heartily approve of the hydro development as a 
scheme, and I have been interested to find out if there was any 
reason other than politics for the so common objection to this 
reserve plant, because I felt that it was quite natural for the 
Government party perhaps to back up the hydro scheme and say, 
"Yes, we want the steam reserve plant, if necessary." And the 
average person looking at the matter from a non-partisan view- 
point can see that it is necessary, because we have had some very 
bad breaks, in the winter time especially, when the city lighting 
has been out of commission sometimes for hours. Fortunately 
the supply from the private corporation has not been off at the 
same time that the municipal supply has, for in a city of any size 
it is a very serious thing when the electric lights go out, or when 
none of the street cars can move. I myself have had to walk a jnile 
or so up on the hill where T live, and thousands of people have 
been in the same plight ; but the Toronto Hydro has been very 
fortunate in not having many breaks of very long continuance. 
A great many of the people who are not strong in their party 
affiliations on one side or the other, Yankee manufacturers, house- 
wives and others, would like to see a steam reserve plant, for in 
that case they would feel reasonably safe in being supplied with 
electric light and power at all times. 

With these things in mind I have tried to find out why there 
seemed to be a general sentiment against the steam reserve plant, 
in spite of the fact that the people who are looking after their 
own comfort will feel assured that this reserve plant insures their 
comfort and convenience. My own conclusions in the matter are 
partly confirmed by the remark that Mr. Bolton quotes from 
Mr. Samuel InsuU, who he states recently said : " *It is not the 
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price of coal, nor even the price of labor, it is the price of money 
that governs.' " I think probably that is pa^t of the answer. It 
has been sometimes said that Canada generally has over-bor- 
rowed, but I question whether that is correct. I do not think 
it is true. But anyway, they have borrowed a great deal of money 
and have been putting it in public improvements of all sorts; 
in fact, anticipating remote future public needs in many cases. 
To do that, of course, they have had to borrow very heavily 
from the Old Country and from the States, and from investors 
generally. Until 1913 the great bulk of that money was coming 
from England, and in fact the bulk of it still comes from there ; 
but more and more the proportionate English ratio of investment 
in Canadian bonds and stocks has been declining in favor of the 
United States, where the ratio has been increasing; but even 
now, from the last figures that I have seen compiled, Canada is 
getting something like seventy per cent, of its borrowed funds 
from the Old Country, which is being drawn into Canada largely 
for municipal and government improvements. 

The price of money then for public improvements up there is 
largely a matter of money conditions in the Old Country. No 
matter what people may say, the price of money, while it is 
primarily based upon economic conditions, it is also affected by 
sentiment, there is no question about that : Financial men, 
brokers, underwriters and sellers of securities, have agreed on 
that, in spite of the fact that some people have advanced the 
theory that that is not correct. Sentiment does govern to a cer- 
tain extent the price of money and the availability of money even 
for municipal or government use. Sentiment affects the price of 
money in England. In the case of the City of Toronto, the 
Mayor and the City Comptroller first offer their loans to big 
banks and underwriters in London, or elsewhere in England, and 
if they do not get satisfactory offers, as was the case with the 
small loan of $1,200,000 in 1913, they may offer the loan else- 
where, which they did in 1913. On that particular occasion it was 
taken by N. W. Harris & Co., of Boston, and others in the United 
States; but the usual procedure there is to offer it to the Old 
Country first. Of course the action upon any offering there will 
be influenced by the sentiment that I have referred to. It may 
be asked, what has sentiment to do with that? It must be 
remembered that the thought will occur to the money-lenders 
there that the bonds offered are for a specific purpose, and they 
will ask first. "Where is that money going?" Suppose the answer 
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is, "It is going into a plant for the benefit of the City of Toronto," 
the next question is, "Who is going to get that money?" "Why, 
chiefly the people who furnish the equipment, in New York, 
Pennsylvania, Illinois, or anywhere in the United States, who 
make the machinery." Then the Londoner's remark is, "Well, 
so much of the machinery comes from the United States, and 
the money' comes from England, or at least seventy-five per cent, 
of it." Now this jnay be part of the answer to this question. 

Another reason that I see for opposition to this steam reserve 
plant is again sentiment — local sentiment. They do not wish 
to acknowledge that the hydro-electric system, which is a purely 
waterpower scheme, is a failure. They do not want to acknowl- 
edge that there is any necessity for a steam reserve plant. They 
want to try to prove this ; but as yet it has not been proved satis- 
factorily that they can depend alone upon hydro energy for a 
constant and dependable service all the year around : But to put 
this steam reserve plant in will be practically admitting (as is 
contended by some of the newspapers — and the newspapers have 
a g^eat deal to do with moulding public opinion) — the failure of 
the hydro-electric as a dependable independent system. Some of 
the newspapers have been very conservative in their statements, 
and others have been quite the contrary. Those that have 
defended the hydro-electric may yet have to back down on that 
proposition, and will have to admit that they were in the wrong, 
because their own Commissioners of the hydro-electric have ac- 
knowledged that they want this reserve plant and that it is neces- 
sary. So that it presents a rather complicated condition. The 
private competitive hydro-electric company has spent about 
three-quarters of a million in increasing the size and bringing 
up to date their own steam reserve plant. 

Because of this comparison of Mr. Bolton's his paper is very 
interesting to me, and if it were not against ethics or precedent, 
I would like very much to be able to give it to both sides of the 
press in Toronto and see what they will do with it. I suppose 
it would not be ethical, and therefore not proper. 

President Lewis : I think that this paper is particularly inter- 
esting to us in its effect upon the aspect of the electric heating, 
which is certainly coming into its own in the near future, within 
our time, and particularly with reference, I believe, to the im- 
proved insulation of buildings. 

Mr. Davis: I would call the attention of this Society to the 
fact that it is evident that the companies who build water-power 
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plants are practically announcing that they can heat the plants 
cheaper by steam than to use the electric current they are devel- 
oping for that purpose. This is evidenced by the fact that they 
are putting in steam heating plants in all the large electrical 
power houses even where they are generating 25 to 100,000 H. P. 
At the large power plant in Sault Ste. Marie steam is used; also 
at the^ large development plant on the Mississippi River at 
Keokuk, Iowa. When we consider that such immense plants put 
in steam heating in place of using electrical current for heating, 
it is quite evident that it is very much cheaper to heat by steam 
than by electrical current. 

Prof. John R. Allen: There has been a general impression 
that water power was more certain in its operation than a steam 
power plant. Recently I have been connected with the manage- 
ment of a water power company in the West where we have four 
plants upon which they depend for power. We felt reasonably 
safe with the four plants, but we are now building the fifth in 
order to avoid any difficulty. We may be eventually compelled 
to build a steam reserve in order to maintain a service con- 
stantly. Water power is not continuous. Steam power is more 
certain. There is always opportunity for a breakdown at a water 
power plant, according to the experience that I have had in the 
West. 

President Lewis: That would seem to indicate that what is 
necessary is an improvement in the design of water plants. We 
have developed our steam engineering to such perfection that 
water cannot compete with it. We had better turn our attention 
to the development of water plants as sources of heat supplies. 

Prof. John R. Allen : The trouble is that you cannot control 
the situation if you have a blockade of ice, and other things that 
are absolutely beyond your control, and which are almost inevit- 
able in the winter season with the water power plant and en- 
danger a shut-down almost any time by an act of the Lord. 

Mr. H. M. Hart: In behalf of the Lord I would like to rise 
and defend His side of it. I think that breakdowns will perhaps 
happen and that steam may be more dependable ; but that does 
not relieve us from proper engineering effort to utilize to the 
fullest extent what He has given us. 

Mr. Bushnell : Right in line with what our President has said, 
I wish to suggest that both water and steam power have a 
broad field of usefulness. I am one of those who are of the 
opinion that the water power resources of this country constitute 
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an enormous source of power which we have thus far only par- 
tially realized. While there are many obstacles in the way of 
their development, yet, as suggested by the last speaker, these 
may be problems which can be slowly Worked out in the future. 
It seems to me that anything which can assist us in postponing 
the day when our coal measures will be exhausted is of great im])or- 
tance as a means of conserving our natural resources. In all 
probability the time will never come when there will be another 
carboniferous era, a time when coal may be deposited in such 
vast amounts as in the past ; and it is our duty as patriotic citi- 
zens to look forward to the future when the people of this coun- 
try will not be provided as we are to-day. In taking this view, 
we should consider not only the fact that it is necessary to meet 
the requirements of the present population, but that in a com- 
paratively short space of time, fifty to one hundred years, there 
will be a vastly greater population ; in other words, the demand 
for coal will be cumulative. At the same time the supply will 
grow less. Perhaps, no one will question that the price of any 
commodity is governed by the law of supply and demand. Sup- 
pose that we were to wipe out all of the water power plants in 
existence to-day and should call for the millions of tons of coal 
that would be required to make up in steam power for the loss of 
all this hydraulic energy ; can anyone doubt but that there would 
be a marked increase in the cost of coal at the present time? In 
my own city, Chicago, it has been frequently observed that the 
coal purchases from the great central steam stations have a very 
marked effect on the market for all coal used in the city. My 
experience in operating steam heating plants in Chicago is that 
we are paying for coal about forty per cent, more per ton than 
we were ten years ago. One fact which is brought out in Mr. 
Bolton's paper is that it requires twice as much labor in England 
and Wales to get out the coal. It is probably a fact that they 
are going further down into the coal strata, with a consequent 
increase of difficulty in hoisting the coal. As the years go by 
and our surface coals become exhausted our cost for coal will 
necessarily increase — due not only to the greater effort required 
in hoisting the coal to higher levels, but also to a probable in- 
crease in the price of labor. It seems to me that in pointing out 
the economy of steam plants at the present time we should not 
lose sight of the fact that to a certain extent this economy is 
possible through the competition of water power and its use to 
such a large extent. I believe that while in a great many in- 
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Stances we can figure out a present economy by the use of steam 
power, nevertheless in the future we will have to depend more 
and more on water power. 

In closing, I call attention to this thought — as the rivers sweep 
onward to the sea, the power once passed can never be reclaimed. 
Coal, which is simply another form of stored energy, can lie em- 
bedded in the mines for a thousand years, and at the end of that 
time be just as available as it is to-day. Is it not then a wise 
policy, and one in line with the new thought of conserving our 
natural resources, that we encourage the establishment of hy- 
draulic power stations wherever practicable? While in some 
cases coal may at the present time have an economic advantage 
as a producer of energy, will not this advantage be wiped out in 
the near future by the inevitable law of supply and demand? 

President Lewis: I appreciate the remarks of Mr. Bushnell, 
but I am afraid that that is rather too altruistic a view for our 
present civilization. We use the thing that we can get the cheap- 
est. That seems to be our tendency. 
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CCCLVI. 
OUR SOCIETY, ITS AIMS AND OPPORTUNITIES. 

J. J. BLACKMORE, MEMBER 

A Society organized for the advancement of an art and for the 
improvement of the status of its members to be successful, must 
work along altruistic lines. 

Each of its members must be ready, and willing to contribute, 
time, thought and substance to the cause. To the end, that its 
aims may be advanced and its members uplifted by the co-opera- 
tive effort of each and every individual who joins its ranks. 

No person is happier than the one who is employed in doing 
helpful things for others. No satisfaction is so great as that de- 
rived from the knowledge of having perforrhed a beneficent work. 

No one need know by whom such work has been done, yet the 
consciousness that such has been accomplished will be a lasting 
source of happiness to the one who, being lifted above selfish con- 
siderations, does that which helps to uplift a community or a cause. 

This Society now passing through its twenty-first year, has been 
the means of greatly advancing the art of heating and ventilation. 
The occupants of buildings are more comfortable and the conditions 
surrounding them are more healthful, as a result of the efforts 
of this Society, and the co-operative work of its members. 

The field for the operations of the Society is a much broader 
one than is generally assumed by its members. There is a great 
deal of work yet to be done. The field* is covered with problems 
that need investigation. 

Heating and ventilation are kindred terms, but each has a sepa- 
rate field covering a wide range of useful effort. The operations 
of which should come within the scope of the work of this Society. 

HEATING 

The production and utilization of heat in the domestic and manu- 
facturing arts are all within our sphere; and our activities should 
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be extended to cover the investigation and improvement of all appli- 
ances that are manufactured or installed for the purpose of the 
production or the utilization of heat, excepting only those opera- 
tions that are clearly within the field of the chemical, manufacturing 
or power developing engineer. 

The work covered by the use of electricity in heating operations 
has received but little attention from the society and efforts should 
be made to bring members into it who are interested in this im- 
portant branch of our industry; its use is more widely extended 
than is generally known. 

The utilization of gas for heating purposes has not received the 
attention it merits from the members of this society. Yet it pre- 
sents a field for investigation that is very broad and very easy 
of access, for almost all of the large gas producing corporations 
maintain laboratories that are open to the investigator. 

The industry of car heating and ventilating, though a very large 
and important one, has received but little recognition in the eflForts 
of the Society. 

VENTILATION 

The art of ventilation has even a broader field than that of heat- 
ing as there is scarcely an industry in which human endeavor is 
engaged that could not employ the art of ventilation in some form 
to its advantage. 

Some scientists who have closely studied the subject say that the 
span of life allotted to man is one hundred years and is not 
restricted to three score years and ten as set forth in the biblical 
account. 

The reason for this conclusion is that most animals who live in 
a natural environment have a duration of life equal to five times 
the length of the period required to bring such animals to maturity. 

Man matures in twenty years, and should live, according to the 
opinion of such scientists five times the length of this period, or to 
the age of one hundred years. , 

Man in seeking shelter from the elements has created artificial 
conditions that are not as healthful as those provided outside by 
nature. Industrial life or the development of the arts, has also 
introduced conditions that have still further interfered and pre- 
vented man from attaining his allotted span of life. 

Some of our great insurance companies have tabulated the rate 
of mortality of those engaged in diflferent industrial occupations 
by showing the percentage of the deaths per annum per thousand 
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in each industry and these figures show that we are continually 
introducing occupations that are detrimental to the healthful de- 
velopment of the race, and unfortunately, we have not yet reached 
the stage in our development where the safeguarding of the health 
of the worker is considered as fundamental to the gaining of wealth. 

The ventilating engineer has done a great deal towards improv- 
ing the healthful condition of our buildings by providing means 
for adequately removing the vitiated air from the rooms and replac- 
ing it with pure, fresh air from the outside and he has still further 
demonstrated the advantage of -cleaning or washing the fresh air 
before delivering it into the building. He has also found that the 
quantity of moisture in the air is a factor that affects man's con- 
dition and efficiency. That the regulation of this moisture is bene- 
ficial and the term "conditioning" is becoming a familiar word and 
will soon become as frequently used in the trade as the word 
"heating" is in its connection with ventilation. 

There is still some unexplained difference between the air as 
delivered into our buildings and the outer air, that makes the 
latter more healthful. Probably the most frequently suggested 
remedy for ills by physicians is "keep out of doors all you can."" 
There is a reason for this, and it is within the province of the 
members of this Society to search for the causes of, or the reasons 
for this difference. The search will probably enable us to demon- 
strate that air can be still further conditioned to make the inside 
air as beneficial as the outer. 

Co-operation with the physiologist and chemist and with com- 
mittees of kindred societies will be necessary to enable us to go- 
forward in this endeavor. We should welcome every opportunity 
for such co-operation and take full advantage of it when offered. 

The Society should be in touch with every university in the 
country that has for one of its objects a course of training in 
mechanical engineering. It should know of what such course of 
training consists and be prepared to co-operate with all such univer- 
sities or their engineering departments and be interested enough 
to suggest from time to time, from the experience of its members, 
any additions to such course of training as will tend to advance the 
student in the knowledge of the art to which the Society devotes 
its endeavors. The Society should be fully acquainted with the 
equipment in the testing laboratories conducted by the National 
and State governments, as well as those conducted by the engineer- 
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ing schools and also with those maintained by manufacturing cor- 
porations. 

The Society through its committees, should be prepared to sug- 
gest what appliances need testing and where necessary to prescribe 
the manner of such tests; and when such tests have been made, 
they should be particularly careful that a proper report of such test 
or tests is made, in which the data relating thereto shall be prop- 
erly tabulated in a convenient form for ready reference. 

This is an age of transition and inquiry and this Society should 
be a huge question mark and always be **in the van" where any 
inquiry will yield information that will lead to a better understand- 
ing in the working of the forces of Nature. 

'No mother gives up what she knows so generously as does 
mother nature, but she only gives it to those who search diligently 
for the hidden treasures she holds in her keeping. 

We must therefore be always searching earnestly for informa- 
tion where it may be obtained and give our best efforts in co-opera- 
tion with any school or laboratory that may be interested in the 
investigation of the natural laws that govern the forces used in the 
production and utilization of heat and who are also interested in 
the testing of appliances and apparatus to determine their value 
for the purpose for which they have been produced. This is really 
the purpose for which this Society was organized and it must 
continue actively and vigorously its efforts towards the attainment 
of its important undertaking. When the working of nature's laws 
are well understood, appliances will be made to utilize them to 
greater advantage than in the past. The best means of ascertaining 
how closely such appliances do work in accordance with natural 
laws is to test them in a laboratory, conducted by men who under- 
stand and are skilled in the working of the laws governing the 
operation under observation. Such a test may be, and generally 
is technical, but it is also practical when the manner of conducting 
it is clearly set forth and the results given in such a way that a 
practical mind can clearly understand how the results were obtained. 

Tests of installations in buildings can only be made at the place 
in which the installation is in operation, but so far as possible, 
laboratory methods should be followed, and such tests should be 
undertaken by men who have had laboratory training and know 
how to record and tabulate the results. 
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HEAT LOSSES 

The writer was recently asked the question, "What information 
has the Society tabulated as to heat losses of railway cars traveling 
at different speeds?" 

The Society should at once undertake the following work and 
push it to a conclusion as rapidly as circumstances will permit. 

The tabulation of all data relating to heat losses through all 
kinds of building materials, giving the conducting power and the 
loss at different outside temperatures and at different wind veloc- 
ities up to ninety miles per hour. These tests should also cover 
heat losses through all the metals and covering materials used in 
the art. 

Some experiments have been made to determine such losses but 
the data relating to such has not yet been tabulated into a con- 
venient form for general use. 

The compilation of data covering all tests made in recent years 
should be undertaken at once and when data relating to such tests 
that have been made does not clearly state or show the conditions 
under which they were conducted and how the results were arrived 
at, such tests should be considered as doubtful till other tests have 
been made to verify them. The testing and recording should be 
continued till complete and unquestioned records of tests covering 
the entire subject are entered in our transactions. 

Studies into the application of this data to the actual heat losses 
of buildings should then be undertaken and comparison should be 
made to determine the additional loss from leakage of joints in 
putting these materials together. 

We should also determine the heat losses that are occasioned 
when such materials absorb dampness from the outside which 
must be offset by the heat from within the building. 

A Committee of the Society should be charged with the work of 
collecting data relating to losses of heat by railway cars at different 
rates of speed plus the wind velocities up to the severest gale they 
have to travel through. 

FUEL 

While certain designated committees are working out heat loss 
problems, other committees should be working on problems con- 
nected with fuel by investigating the different kinds of coal, wood, 
peat, oil, natural gas and artificial gas. 
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The kind of fuel and the place or part of the country from 
which it is produced, the best way to liberate its heat for the pur- 
poses advocated by the members of this Society. 

The geological department at Washington has prepared numerous 
reports on this subject and has tabulated data of tests of the value 
of the different kinds of fuel. This Society should collect this 
data and add to it from its own experiments and tests anything 
of value that may be necessary to complete the work to a point 
that our records will give to its members a complete analysis of the 
subject, supplemented by a digest of the results for ready reference. 

Other committees should be investigating appliances for the 
economical utilization of heat This field is very wide and begins 
with the furnace in which the fuel is combined with the necessary 
elements to produce combustion. Then follows the heat absorbing 
surfaces that are placed on or in connection with -the furnace to 
take up the heat for distribution or utilization. The appliances 
offered for this purpose are numerous; are they the best that can 
be devised? Have we investigated, tested and proved them to the 
extent we should have done? 

A careful survey of the field will show that investigation and 
testing of these appliances from a scientific standpoint has only 
just begun. 

A great deal of good work has been done by the Society in the 
ventilating branch of the art particularly during the last six years. 
The data gathered in tests of fans or blowers to determine their 
efficiency is very creditable to the gentlemen who have given their 
time and thought to the investigation of these appliances. 

The work should be continued till the practice is standardized 
and the data collected into a convenient form for reference. 

Standard practice for velocities in pipes or ducts for conveying 
air for ventilation should be adopted by the Society as soon as it 
is sure such standards have been demonstrated as being correct. 

Friction tables for different sizes of pipe at these velocities 
should also be figured out by committees and the results tabulated 
for convenient reference before being entered into the transactions 
of the Society. 

Methods of tempering, conditioning and regulating the flow of 
air need standardizing and opportunities for doing so will be fre- 
quent and they should be taken advantage of when offered. 
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The Society in its efforts to improve the art of ventilation should 
be in touch with the factory inspection departments of every state 
that has an active department for this work. 

From these sources valuable data can be had that will enable the 
Society to offer suggestions for improving their conditions. 

In this connection there is a great opportunity for the members 
of this Society and the profession to improve the atmosphere of 
our factories by conditioning the air to the extent that the product 
of certain factories may be improved by such conditioning or the 
output increased by keeping the air in the plant always at the con- 
dition best suited to its output. 

It has frequently been observed that factories cannot turn out 
work with uniform speed or quality and the state of the weather 
is given as the cause. 

A proper supply of well conditioned air would probably over- 
come these troubles. 

It is impossible to give a complete program of work to be done 
in a paper of this size, but the foregoing, I hope, will be sufficient 
to awaken the members of the Society to a full appreciation of the 
opportunities for advancin^^ the art that are within their grasp. 



DISCUSSION 

President Lewis: This paper is an administration measure; 
the present administration has a definite idea of about how it 
shall accomplish the work, namely, that when a committee is 
named, that committee as a rule is given some specific thing to do. 
Mr. Blackmore has very carefully tabulated some of those sug- 
gestions. We would be glad of any further suggestions. 

I believe that our success for the future lies very largely along 
the line of having better papers, better data at our meetings ; not 
that we have not had good ones, but the idea is that specific com- 
mittees be given specific things to do, and that that will prove 
an efficient way to operate and will lead to our having more 
members and to our having better attendance at our meetings. 
That is why this paper with its suggestions is an administration 
measure. 

Norman A. Hill : My interest in the Society dates back to 1905, 
when I joined as a junior member. My attitude of mind toward 
it has always been that of the scholar to his instructor. I have 
looked upon the older members, many of whom are members 
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of faculties in universities and consulting men who have devoted 
a great deal of time to research work, etc., as teachers qualified 
to instruct the rest of us. In other words, I have regarded this 
Society as a means of self-improvement, and I believe that the 
education we receive will enable us in time to educate the public 
and the trade generally. 

It seems to me that ever since I joined this Society every year 
statements have been made to the effect that what we are trying 
to do indoors is to reproduce as nearly as possible out-of-doors 
conditions. I do not believe that statement is correct unless one 
qualifies it by saying that what we are trying to do is to imitate 
Ideal Outdoor Conditions. Even when physicians recommend 
people to stay outside of the house, they mean if the climate is 
what they want it to be; if not, they try to get them to some 
place where the outside air is uniformly good. They send them 
out where they can have special conditions of humidity or tem- 
perature such as they believe will be good for the invalid ; and it 
seems to me that we are groping a little bit blindly on this thing 
and that if we could secure exact data of hygienically ideal out- 
side conditions for the purpose of reproducing indoors we would 
probably get the answer sooner. 

They certainly showed us some wonderful experiments with 
light at Nela Park yesterday, and we arrived at some conclusions 
which we could not help drawing for ourselves, and which seemed 
to point to the fact that they are trying so far as illumination is 
concerned to reproduce conditions of perfect daylight, not con- 
ditions of light on cloudy days or anything of that kind, but on 
sparkling days in June, or September days when the air is clear 
and the sun is bright. That's what they seem to be doing at 
Nela Park. 

Now in trying to arrive at a system of heating and ventilation, 
do we want to reproduce outside conditions irrespective of the 
weather, irrespective of the fact of whether it is damp or muggy 
outside? Do we want that same condition in our houses? Sup- 
pose the dust is removed, etc.; do you still want the humidity 
and temperature in your house the same as it is outside? It 
seems to me that we do not. What we are really trying to do, is 
not to reproduce outside conditions regardless of weather,- good 
or bad, but to create ideal conditions, and so far as possible make 
our interior air independent of exterior conditions of temperature 
and humidity. Let us try to arrive at a standard of temperature 
and humidity. Of course there will be varying opinions about 
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this for anyone who has lived up north may say that a tempera- 
ture of 66 or 68 degrees to him is too warm : Or again, we have 
a lot of English people in Canada who insist upon their houses 
being kept at 60 degrees, which they feel is as warm as they 
want it. So there is sure to be differences in arriving at some 
approximate standard of what is a perfect day ; but if it can be 
scientifically reached ; just as the light experts seem to have come 
to the conclusion that perfect light is a perfect imitation, or as 
nearly as they can approach it, of day light, it seems to me that 
our standard is to get a consensus of opinion of what is a perfect 
day, find out what the temperature and humidity conditions of 
the air are, and try to make our building interiors come as close 
as possible to that condition by artificial means. 

Harry M. Hart: I would like to say in reply to Mr. Hill that 
a great deal of work along that line has already been done by 
the members of the Chicago Commission on Ventilation in the 
experimental work on the Normal School. Quite an interesting 
paper has been given by Professor Shepherd on the subject of 
"Comfort Zone" — a combination of temperature and humidity 
and certain conditions indoors. 

Mr. Norman A. Hill: I will ask whether light has been taken 
into consideration in that, because it seems to me impossible for 
a heating and ventilating man to keep away from illuminating 
engineering problems. If that theory is not new or original, I 
claim no credit for it whatever. If that theory is good that we 
should try to duplicate a perfect outside day, we cannot get away 
from illuminating as part of our problem as heating and venti- 
lating engineers, just as they had to inject the colors that were 
missing in that light yesterday to get the proper results and 
bring out the painting. We may have to take into consideration 
lighting as part of our heating scheme, so that a day that would be 
dull and disagreeable indoors, by artificial lighting in connection 
with artificial heating and ventilating would present the condi- 
tions of a perfect clear day outside. 

President Lewis: I might say in connection with that, that 
there are two Commissions on ventilation, one in New York, one 
in Chicago. To conduct a scientific investigation of that nature 
with . satisfaction it is necessary that the members be in close 
contact. It is impossible to bring out very good results with a 
scattered committee; therefore we have felt rather pleased that 
we had a large representation in each of those Commissions. 
They are provided with funds, they meet very often, and they 
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have in addition a considerable laboratory equipment as well as 
the advice of experts and scientists in each case; and in 
that connection I have no doubt that lighting will be considered. 
If you have no objection, at this time I think it would be wise to 
hear the tentative report of the Chicago Commission on Ventila- 
tion, which Mr. Hart is prepared to read. 

Mr. Reginald P. Bolton : Before closing the discussion on Mr. 
Blackmore's paper I would like to say as one of the old members 
of the Society that this paper represents a very interesting stage 
in our operations. It has been said with great justice that the 
activity of any organization is represented by the energy of the 
Secretary; and surely we have here strong evidence of the 
amount of detailed thought which Mr. Blackmore has devoted 
to our work and our purposes. This paper constitutes an index 
of the work in which we as a Society are so gjeatly interested. 

One of our difficulties in the past has been that our members 
have not realized the opportunities before them and the field 
that we are stepping into. I can recall when the title of this 
Society was first adopted, "The Society of Heating and Ventilat- 
ing Engineers," how many men remarked, "What a very re- 
stricted field you are laying out for your members! Why, the 
American Society of Mechanical Engineers already occupies that 
field. That is merely a branch of mechanical engineering.*' But 
see how time has brought about a different view, how our art 
has broadened out and covered all phases of heat and health engi- 
neering. In Mr. Blackmore's paper we find a tabulation of the 
things that we can undertake to study with profit to ourselves 
and to our fellow-beings. 

If one subject has been omitted from this rather extensive list 
it would be that to which Mr. Hill has been drawing attention, 
namely, the dust content of the atmosphere of our country at 
large and of our cities in particular. This is a subject on which 
I have been engaged recently. The dust condition in our city 
atmosphere is something that we should deal with not merely- 
as a deficient condition indoors, but we must go outside and cor- 
rect the trouble at the source. 

Let me draw your attention to the emission of cinder ash 
from our chimneys. It has been well established that at least 
1 per cent, by weight of coal that is burned under forced draft 
is emitted as cinder or dust from the tops of smoke-stacks. In 
recent tests which I took part in, in New York City, on a very large 
scale at an enormous power station, it was found the rate of 
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emission of cinders and dust out of the stacks, under the rate of 
combustion of 31 pounds of coal per sq. ft. of grate per hour 
was nearly I3/2 per cent, of all of the fuel that was burned. Now 
when power stations burning 2,000 tons of coal a day are emit- 
ting cinder and ash at the rate of 20 or 30 tons a day into the 
atmosphere of that part of a city in which they are loqated, the 
contribution to the dust problem becomes a very serious pro- 
portion. From recent observations taken at the Metropolitan 
and Woolworth towers in New York City it was found that the 
dust particles per cu. ft. at the base of those buildings ran in the 
case of the Woolworth building as high as 240,000 particles per 
cu. ft. while at the top of the tower it was nearly 27,000 and in 
the upper air at some distance away only 18,000. That illus- 
trates the conditions that we have to contend with in ventilation 
near the ground level. 

I believe that I was the person that was responsible for the 
request from the Secretary for information as to heat losses 
from the operation of railway cars. Finding nothing in our own 
Society transactions I thought at first that was rather to our 
discredit, but I found later that there is nothing in the trans- 
actions of any other Society — for I searched them all — ^and con- 
sequently here is an opening for a discussion of another subject 
by our Society. The question arose in connection with the tem- 
perature conditions of the air in our subways. Vast numbers of 
people in New York City are traveling every day in the sub- 
way, occupying at least an hour, and often an hour and a half 
of their time in that atmosphere. This is a matter that I think 
is worthy of our devoting some time and attention to, if not 
some expense. 

And that brings me to the point that these investigations 
very often cost money, and one of the limitations that has pre- 
vented our going into many of these things is that our commit- 
tees have to do all their work voluntarily, and are not even 
allowed expenses, but spend their own money. ' This has been 
due to the fact that we are a small organization and not a rich 
one. But I believe that there are many of our mefnbers who 
are §0 sincerely interested in this line of work that they would 
be glad to contribiite to a research fund. I feel that we ought 
to have a research fund established to which some of us can 
contribute and which can be placed at the disposal to a certain 
extent of committees on some of our important investigations. 
If that were done some of the large institutions which have 
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funds that are available for such purposes, might be so influ- 
enced as to divert part of their riches into our coffers, and allow 
us to investigate matters that affect the health as well as the 
comfort of the community, just as much as investigations that 
are now proceeding in many directions from medical and sur- 
gical standpoints. 

Mr. J. H. Davis: Referring to the question of car heating 
and to the lack of da'ta regarding the amount of surface, would 
say that I believe one of the reasons that there has never been 
any data on that subject is the fact that heating cars by other 
means than stoves had always been in the hands of a very 
few companies. It was first taken up by Baker-Smith & Co., 
New York, who developed the patented system in which salt water 
was used, and I fortunately received my early education in the 
steam heating line with that company and was familiar with 
their method of heating cars and its manner of erection. Their 
method for many years was to put in 300 feet of 1J4 inch pipe,' 
which seemed ample for the cars that were made in those days. 
The pressure generated in the heater ranged anywhere from 10 
to 150 pounds depending upon the weather, increasing the pres- 
sure, however, with the additional heat necessary for the colder 
weather conditions. In later years when their patent expired, 
and steam was adopted, the car heating business passed from 
Baker-Smith & Co. to concerns who made a specialty of car 
heating and they adopted various types of vapor systems and 
put in large amounts of heating surface as the size of the cars 
increased. 

At one of the meetings of the Master Car Builders at Atlantic 
City, I asked some questions regarding how much additional 
surface they were putting in the large steel coaches as com- 
pared with the older types and they advised me that the addi- 
tional surface approximated about 25 per cent, but I received 
no actual data as to the amount of surface that was used, 
although it can be readily obtained, as these companies put up 
complete equipments in their booths with the same amount of 
surface, connections, etc., as there would be in actual cars. 

Mr. H. R. Linn: About fifteen years ago I had occasion to 
assist in making some tests to determine the heat losses of pas- 
senger trains under varying wind conditions. We made these 
tests on a twelve car train and found that we had greater heat 
loss when the train was standing still, with a side wind blowing 
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off the lake, than when the train was running thirty miles an 
hour against a head wind. 

We ran these tests to determine the maximum amount of 
steam which we had to take care of through our train line, but as 
the conditions put upon transcontinental trains is so great -we 
did not carry these tests to any great length. 

It seems to me that until the railroads have adopted some 
standard form of car construction it will be folly to undertake 
to collect any reliable up-to-date data, although I would be 
pleased to see such data collected by this Society. 

Mr. Blackmore: I want to add a word to the discussion. 
The initiative of the engineer is a phase of his status to which 
he has not paid enough attention. When Mr. Hill was speak- 
ing about the conditions that we should aim to have in our 
houses, and whether they should be ideal conditions or condi- 
tions as they might be found outside, it occurred to me that 
'that is something which should be left entirely to the initiative 
and ingenuity of the engineer; the engineer is not restricted 
simply to reproducing outside conditions if he can create better 
ones. If the engineer can introduce better conditions inside than 
exist outdoors he will greatly benefit the race. 
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SOME TESTS ON THE HEAT TRANSMISSION OF DIRECT 

RADIATORS AT LOW DIFFERENCES IN 

TEMPERATURE 

ALSO 

ON THE HEAT TRANSMISSION FROM STEAM TO 
WATER IN SPECIAL FORM OF CONVERTOR. 

J. A. DONNELLY, MEMBER 

Tests of steam' radiators for condensation and transmission of 
heat at ordinary differences in temperature of 140° to 160**, are 
made with comparative ease. Tests with greater differences in 
temperature, even up to 300** or 350** difference, are not at all 
difficult if high pressure steam is available and if the type of radia- 
tor chosen is one that will stand the working pressure. 

Tests at lower differences in temperature are not easily made 
with steam unless by the use of some special form of apparatus. 
Of course, it is possible to use steam at a nominal pressure and 
test a radiator in a room the temperature of which is extremely 
high. This, however, while duplicating conditions for drying rooms, 
does not duplicate conditions found in every day practice where 
the room is usually 70** and the radiator may be as low as 120'' 
to 170^ 

The apparatus as shown in the accompanying cut was constructed 
in order to see if reliable tests could be made under the conditions 
suggested, with the thought that at some future time tests similar 
to these might be conducted on a larger scale. The radiator was 
of sheet steel, hot water type, 14 inches high, 9 sections, rated 
and containing practically 12 sq. ft. of surface. The convertor 
used for heating the water was made with a IJ^-inch outside pipe 
and was fitted with an interior pipe varying from J^-^^ch to 1 inch. 
This pipe extended through a bushing at the bottom, the upper 
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end terminating inside the V/2 inch pipe a short distance above 
the upper connection to the radiator. The water between the two 
pipes circulated to and from the radiator through 1 inch connec- 
tions. Thermometers were inserted in the flow and return con- 
nections, the average temperature of which was taken as the aver- 
age temperatures of both the radiator and the convertor. 
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With a 34 -inch pipe used as the heating pipe inside the con- 
vertor, the inlet temperature of the radiator was 171** and the out- 
let temperature 157°, giving an average of 164**, which with the 
room at 72** would give a temperature difference of 92° between 
the room and the radiator. The steam supply was at about one 
pound pressure. This was throttled through the fractional valve 
on the inlet so that the temperature of the steam was at 212°. A 
small amount of steam was allowed to flow from the bottom of 
the convertor so that the pressure and temperature could not rise 
above this point. Under these conditions, the convertor and radia- 
tor condensed 2J4 lbs. per hour. This multiplied by 970 B.t.u. 
per pound gives a total of 2,425 B.t.u. per hour, which if divided 
by 92 (the temperature difference) gives 26.33 B.t.u. per hour per 
degree difference in temperature. 

The drain valve was then opened and a test was run with the 
convertor and the entire radiator under steam at atmospheric pres- 
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sure. Under these conditions the radiator condensed 4 lbs. 6 oz. 
per hour, thus giving off 4343.75 B.t.u. which divided by the dif- 
ference in temperature between the room, 74°, and the steam, 212**, 
which gives a temperature difference of 138**, gives a transmission 
of 31.48 B.t.u. per hour per degree difference. The difference in 
transmission between 31.48 and 26.33 is 5.16, which divided by 
31.48 would seem to indicate that the radiator gave off 16.3 
per cent, less heat per degree difference in temperature, with 92° 
difference, than with 138° difference. In Carpenter's '^Heating 
and Ventilating of Buildings," page 86, the transmission per square 
foot per degree difference is given for 140° difference at 2.48 
B.tu. and at 90° difference as 2.24 B.t.u. with 12 inch thin radia- 
tor surfaces. 

From this, it would seem that the tests upon which this table 
was based indicate that a radiator with 90° difference in tem- 
perature would give off 10 per cent, less heat per square foot per 
degree difference than with 140° difference. 

With y2'inch pipe inside of the convertor in place of the >4-inch, 
the average temperature of the radiator was increased only 8°, 
that of the inlet being 181° and that of the outlet, 163°. This 
was with a room temperature of 72°, giving a difference of 100°. 

With a ^-inch pipe in the convertor the inlet temperature was 
186° and the outlet temperature, 166°, giving an average of 176°, 
which with a room temperature of 76°, gave a temperature differ- 
ence of 101°. With a 1-inch pipe in the convertor, the inlet 
temperature was 188° and the outlet temperature, 160°, giving an 
average of 174°, which with a room temperature of 76°, gave 99° 
difference in temperature. From these figures it would seem as 
if little if any advantage was gained by increasing the surface of 
the heating pipe. Evidently the cutting down of the area through 
which the water flowed between the two pipes increased the fric- 
tion so that but very little benefit was gained by the increased 
surface. 

The convertor was nominally 2 feet 8 inches long, which gave 
the length of the J^-inch inner pipe as 2 feet 6 inches, or .357 square 
foot. This divided into the total, 2,426 B.t.u. gave a transmission 
of 6,792 B.t.u. per square foot which with a steam temperature at 
one side of 212° and an average temperature of the water on the 
other side of 164°, or 48° difference, gives a transmission from 
steam to water under these conditions of 141.6 B.t.u. per square 
foot per degree difference. 
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DISCUSSION . 

Prof. John R. Allen: I should like to ask Mr. Donnelly if 
any provision was made for taking account of the radiation of 
, the convertor or pipe connections ; or were those connections 
covered? 

Willis H. Carrier: I understand from those that have made 
radiator tests that there is a great difficulty in getting standard 
conditions for testing or even in getting two successive tests to 
show corresponding results. Different types of radiators seem 
to vary much with respect to the nature of their surfaces and 
in regard to the effect which these surfaces have upon the con- 
vection factor. Another element which causes a great varia- 
tion in apparent results obtained in heater tests, is the difficulty 
in measuring the condensate accurately owing either to en- 
trainment of moisture in the steam supply or to evaporation 
from the condensate itself. 

The rate of heat transmission quoted by the author is con- 
siderably higher than that customarily given for standard con- 
ditions of radiation. I think that possibly 1.7 B.t.u. per square 
foot per hour per degree difference in temperature would be 
about the average of the standard practice. Of course if one 
were to take a single pipe radiator with perfect air circulation, 
etc., I suppose that the heat transmission might go up as high 
as 2.5 B.t.u. per square foot per degree difference in tempera- 
ture as quoted by Mr. Donnelly. 

Prof. John R. Allen: We have been carrying on radiation 
tests for about twenty years at the University. We have quite 
an accumulation of tests. Mr. Carrier is right in his statement 
in regard to heat transmission. We find that the heat trans- 
mission varies from 1.6 to 1.7, the average being about 1.67. 

There are many conditions that enter into that. One of the 
conditions that is often lost sight of is the fact that the announce- 
ment of heat radiated from the radiator depends upon the room 
itself. We formerly made our radiator tests in a room without an 
outside window. We changed to a room that had a large amount of 
window surface. The heat transmission through the radiator 
increased about ten per cent. The radiator loses heat in two 
ways, by convection and by radiation, and the radiation loss 
depends upon the temperature of the surrounding surfaces. If 
you have window surfaces surrounding the radiator the tem- 
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perature.of which is low, the radiation from the radiator is 
necessarily high and the heat loss from the radiator is increased. 

In order to compare radiators there must be a standard room 
in which to compare them. You must be certain that dry steam 
is used in making the tests. In order to do that high pressure 
steam is brought through a reducing pressure valve, so that we 
are sure to have superheat ; the heat of the superheat is allowed 
for in making the tests, which is only a matter of one or two 
degrees, a small correction. 

It makes a difference whether the radiators are of the one, two 
or three column type; the spacing is also an important factor, 
as it effects the ease which the air can pass along the surface. 
If you take an ordinary two-column radiator and increase the 
spacing one-half inch, you will increase the heat transmission 
about ten per cent, through the radiator. In comparing radia- 
tors the air area between the surfaces should be known in order 
to give an exact comparison. 

The amount of heat transmission is slightly affected by the 
moisture conditions of the air in the room. As the moisture in 
the room increases the heat transmission diminishes. Under 
extreme conditions the heat transmission will vary about five 
per cent, depending upon the moisture condition in the room. 

There have never been laid down any standard conditions for 
testing. This is one of the things that this Society might prop- 
erly take up, the establishing of rules for standard testing of 
direct radiation. Of course each one of these factors in itself is 
small, but accumulated they may show marked variations that 
would easily account for the differences we get in the various 
tests that are presented to different societies. 

A standard room for such a purpose should be a room con- 
taining about the usual amount of window surface. If you test 
a radiator in a room with the standard amount of window sur- 
face, and then test the same radiator in a greenhouse, you will 
get a very marked difference running as high as twenty per 
cent, in the amount of heat transmission ; so that there are many 
factors that should be considered in these tests other than the 
mere radiator itself. 

Mr. H. M. Hart: While the remarks just made by Professor 
Allen and Mr. Carrier are very interesting, yet I do not believe 
that they can be construed as referring to this particular paper, 
because as I understand this paper, it is merely to show the 
difference in heat transmission at different degrees of tempera- 



Digitized by 



Google 



410 DISCUSSION ON TESTS ON HEAT TRANSMISSION OF DIRECT RADIATORS. 

ture between the radiator and the room. Now as a comparison 
I think that the discussion that has taken place is not germane 
to the subject. 

President Lewis: I grant that what you say is true; still, I 
feel that it is very hard to limit discussion absolutely to the 
matter in hand and to say that we shall not catch these jewels 
that fall from the lips of our distinguished guests and through 
which these discussions become valuable to our members. Mr. 
Donnelly, will you answer the gentlemen? 

Mr. J. A. Donnelly: I would like to ask Professor Allen what 
he thinks of this suggested method of testing a radiator at low 
differences of temperature, and whether they have made any 
tests of radiators. This was intended to bring out the factor 
of hot water heating, or rather to search out some aspect from 
which it seemed to be available. I would like to have the opinion 
of some of the members here. 

I quite agree with Mr. Hart that they have not touched the 
subject that I wrote about which goes to show the . importance 
of a proper perspective, as the President says, and also the 
importance of a proper title for the paper. This was not to 
show how much a radiator would do, but comparatively how 
much it would do. I would like to have Professor Allen or 
some others tell us what they think about this method of test- 
ing a hot water radiator by using steam. I would like to see if 
I could get some facts in regard to that before I close the dis- 
cussion on it. 

Secretary Blackmore: Mr. Hart went at the core of the mat- 
ter when he stated the purpose of the paper. I had some con- 
versation with Mr. Donnelly regarding it, and Mr. Donnelly 
said his idea was to verify work that had been done. Mr. Don- 
nelly finds from the reference to Carpenter that there is approxi- 
mately 10 per cent, less heat per square foot per degree of dif- 
ference given off with 90 degrees difference of temperature than 
with 140 degrees difference. Mr. Donnelly in his tests under 
practically the same conditions found 16 per cent. We know 
nothing about how Mr. Carpenter's tests were made, but the 
fact remains that there is a difference of 6 per cent, between 
the results that Mr. Carpenter apparently got and the results 
that Mr. Donnelly gets in his tests. 

Mr. J. A. Donnelly: I would say in closing as Mr. Blackmore 
indicates, the heat given off by the converter and by the pipe 
both under hot water and steam was reallv due to their tem- 
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perature, and piping was not considered. The total surface of 
the radiator was about 12 sq. ft. You might consider the sur- 
face of the pipe as about 2 sq. ft. additional, so that there was 
approximately 14 sq. ft. of surface in the interior and the pipe. 
2.5 B.t.u. per square foot compares very favorably with 2.48 
and 2.24 as given by Professor Carpenter, so that one test rather 
verifies the other. With radiators 38 inches high or more it 
drops down to 1.6 and 1.8 as mientioned by Mr. Carrier. 

One other point brought out by Mr. Carrier is that the degree 
of temperature difference between the radiator and the air is 
not the difference between the radiator and the room but the 
difference between the radiator and the air immediately around 
it. That can be checked by putting a thermometer below the 
radiator. I have made some such tests and found that though 
the difference of temperature between the radiator and the room 
remained constant, the difference between the radiator and the air 
below the radiator might vary. That condition occurs when 
there are different weather conditions and varying amounts of 
leakage through the windows, or when the temperature is 
affected by the adjoining rooms ; and even though you get your 
own room right, if it is in a building where there are other rooms 
somebody else may get uncomfortable and doesn't think it will 
do any harm if they open a window in the adjoining room, which 
will increase your radiation while your room temperature may 
remain practically stationary. 



Digitized by 



Google 



CCCLVIII. 

REPORT OF A SPECIAL COMMITTEE ON BLOWER SYS- 
TEMS FOR HEATING AND VENTILATING.* 

A. M. FELDMAN, CHAIRMAN 

BLOWER SYSTEMS, WHICH ARE OFTEN AN ECO- 
NOMIC NECESSITY, USUALLY INTRODUCE AN ADDI- 
TIONAL HAZARD CONTRIBUTING TO THE CAUSE AND 
SPREAD OF FIRE, PARTICULARLY WHEN USED FOR 
CONVEYING STOCK AND REFUSE. IT IS IMPOSSIBLE 
TO ELIMINATE THE FIRE HAZARD FROM SUCH SYS- 
TEMS, BUT REASONABLE SAFEGUARDS CAN BE PRO- 
VIDED TO REDUCE IT. 

The general standards applicable to blower systems are to be sub- 
divided into two classes: — 

A. Heating and Ventilating Systems. 

B. Stock and Refuse Conveying Systems. 

Class A 
HEATING AND VENTILATING SYSTEMS 

1. Bix)vvERS. (The word blowers is used to include blowers and 
fans.) 

a. Blowers to be so located as to be accessible for repairing and 
lubricating. 

b. Casings to be strongly built and properly reinforced where 
necessary ; joints to be air tight. 

Casings and runners should be entirely non-combustible, and 
large enough not to require overspeeding. 

To prevent accidents, openings into casings shall be protected with 
substantial screens or their equivalent. 

c. Bearings and journals to be constructed in accordance with 



•Report also read ai the meeting of National Fire Protection Association. 
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the best modern machine design and so proportioned as to prevent 
overheating. The bearings shall be self-oiling and so designed as 
to prevent leakage of oil. They shall be located outside of casings 
or ducts wherever possible. If located inside of casings or ducts 
oilless self-lubricating bearings shall be used, made of bronze bush- 
ings fitted with plugs, such as graphite or metaline. 
2. Ducts. (The word ducts is used to include ducts, flues, pipes 
and tubes.) 

a. Openings through floors for the circulation of air from one 
story to another shall not be used. 

b. The passing of ducts through fire walls should be avoided 
wherever possible. Where ducts pass through fire walls they should 
be provided with automatic dampers located on each side of the 
wall through which they pass. (See Fig. 1.) 
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c. All ducts passing through floors shall be made of or protected 
throughout by approved fire-resisting material, not less than 4 
inches thick. 

d. Where ducts serve more than one floor, automatic dampers 
shall be provided on all outlet openings directly from such ducts 
and at all connections with branch ducts. (See Figs. 2 and 3.) 

e. Entire system of ducts to be self-contained; no rooms, hall- 
ways, attics, hollow spaces, voids, nor other portions of the build- 
ing to be used for air chambers or ducts, unless of fire-resisting 
construction, and then only by permission of the Inspection Depart- 
ment having jurisdiction. 
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/. Ducts to be made of galvanized iron or other approved non- 
combustible material. The same applies to enclosures of steam 
coils used for heating air. 

g. To be thoroughly braced. 

h. To be substantially supported by metal hangers or brackets. 

i. Where subject to mechanical injury, ducts to be properly pro- 
tected. 

;. In no case shall the clearance between any metal ducts and 
combustible material be less than 1 inch. 

k. Joints between ducts and floors, walls or partitions to be made 
tight by non-combustible material. 

/. Outlets on supply and exhaust ducts should always be pro- 
tected by means of register faces or wire screens. 

m. Intake of air to be from outside except in re-circulating sys- 
tems, and should be taken only from areas containing non-com- 
bustible material. Intakes to be protected with rolling shutters 
or heavy doors. 

Intake and intake rooms, steam coils, blowers, etc., also ducts 
connecting blowers with vertical ducts which pierce floors, shall 
be segregated in a room cut off by fire-resisting partitions from 
other portions of the building. Where any such ducts must of 
necessity pass through other portions of the building, they shall 
be protected by four inches of approved fire-resisting material as 
required for ducts passing through floors. 
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Figures 2 and 3 illustrate methods of installation of fusible link 
dampers. 
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3. VENTILATION OF COOKING APPLIANCES 

a. Ventilating ducts usell to carry off the grease laden vapors 
from hoods over cooking appliances, especially in kitchens of 
large restaurants and hotels, shall be constructed similarly to 
boiler smoke flues and if of metal to be of not less than No. 16 
U. S. gauge, so substantially built that the grease and gum could 
be removed from the interior by burning out under a flash fire. 

b. The ventilating ducts should be an independent system in 
no manner connected with other house ventilating systems. 

c. Ducts should not be connected to stacks, chimneys, or 
flues, used for other purposes. 

d. A live steam jet should be provided at the end of the duct 
nearest the cooking appliances. 



CLASS B. STOCK AND REFUSE CONVEYING SYSTEMS 

THE HIGH VELOCITY OF THE AIR AND THE IN- 
FLAMMABILITY OF THE STOCK OR REFUSE WHICH 
THESE SYSTEMS ARE USUALLY DESIGNED TO HAN- 
DLE MAKE THEM ESPECIALLY HAZARDOUS. 

THE SPECIFIC REQUIREMENTS OF A VENTILAT- 
ING SYSTEM DETAILED UNDER CLASS "A" SHOULD 
BE APPLIED TO THE STOCK AND REFUSE CONVEY- 
ING SYSTEMS, ALSO THE FOLLOWING:— 

4. BLOWERS 

a. Blowers shall be installed on proper foundations and se- 
cured in place in a manner subject to the approval of the Inspec- 
tion Department having jurisdiction. 

b. Bearings of blowers shall not extend inside of blower cas- 
ings or ducts. 

c. It is recommended that oilless self-lubricating bearings be 
used, made of bronze bushings with plugs such as graphite or 
metaline. 

d. Connections between discharge end of blower and main 
duct to be made so as to prevent leakage of fine dust. 
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e. Blowers through which inflammable materials pass shall 
have blades of composition, copper or brass. Ample clearance 
to be provided for all blades. 

/. Blower systems should preferably have an emergency or 
automatic control to shut them down in case of fire. This may 
be done automatically by means of devices utilizing fusible links, 
thermostats, or automatic sprinklers. Such installations to be 
subject to the approval of the Inspection Department having 
jurisdiction. 

5 DUCTS 

a. Ducts for conveying stock and refuse should be made of 
suitable non-combustible materials, preferably galvanized iron 
with all joints riveted and soldered. 

h. Lock joints are acceptable for longitudinal seams in pipes 
used under suction and in small pipes. 

c. Spiral pipes to be full riveted and soldered. 

d. All joints shall be made dust-proof. 

e. The minimum thickness of metal used shall be as follows: 
up to 12-inch diameter to be No. 24 U. S. gauge ; 12-inch diam- 
eter ond over, No. 22; 24-inch diameter and over No. 20 gauge; 
40-inch diameter and over, No. 18 gauge. 

/. Provision should be made for the wear due to friction, at 
all points of change of direction, by making long bends, by 
using heavier metal and in cases where abrasive materials are 
to be conveyed, by inserting an approved form of inside lining 
that may readily be renewed. 

g. Suitable tight-fitting sliding clean-out doors to be pro- 
vided on all conveyor ducts at sufficient intervals to facilitate 
cleaning of ducts or removing obstructions. 

K Suction ducts should be provided at all machines pro- 
ducing dust or combustible refuse and connected to exhaust 
fans. 

i. "Sweep-up" pipes should be so protected as not to admit 
material which would be large enough to damage blower. 

;. When possible a trunk line should be run on the outside 
wall of the building with ducts from each machine and each 
floor, passing out directly through the wall and discharge into 
the trunk line. If inside of building, the trunk duct should be 
overhead rather than under the benches. 

k. The air vents from the system shall discharge outside of 
building. 
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1. Where dust or readily inflammable material can accumu- 
late on or near blowers and ducts, they should be grounded to 
prevent ignition of these materials from a discharge of static 
electricity such as may be generated by belt. 

6. AUTOMATIC SPRINKLERS 

There shall be a sprinkler near the feed end, and at the diS' 
charge outlet, inside the condenser, if such is used, and also a 
sprinkler to protect the blower. In some cases, sprinklers may 
be installed inside the ducts. Such sprinklers should be ar- 
ranged in an offset or domeshaped casing and not in the direct 
path of the draft. Sprinklers with smooth deflectors that will 
not catch the flying stock are desirable. 

7. CYCLONE COLLECTORS OR SEPARATORS 

a. The cyclones or separators shall be outside the building 
and so located as not to constitute a hazard to adjacent struc- 
tures. Their construction and supports shall be of incombus- 
tible material. If the cyclone of necessity is placed within ten 
feet of wooden walls, inflammable structures, or openings into 
buildings, it should be provided with a metal pipe extending to 
a point above the main roof, or other safe location. 

b. The refuse from the cyclones and separators is to dis- 
charge by gravity into a vault as described in Section 9. 

c. If the discharge from the cyclone or separator conveys 
the 'refuse directly to the fire boxes of boilers, the feed spout 
should have a break near the furnace, so that when the fur- 
nace gets choked the refuse will fall out on the boiler room 
floor giving the fireman a warning; also it would prevent "back 
fire" when the fan blowing the refuse is stopped. 

d. The aid vent from the separator must never be connected 
to a chimney. 

e. If the air vent carries objectionable dust, as in the case 
of refuse, such as from grain elevators, etc., the use of a simple 
air washer, or other suitable device, is recommeoded for elim- 
inating the dust. A screen should be used to prevent sparks 
from entering through the air vent. 

8. SPECIAL CASES 

a. Readily ignitible stock, such as cotton, sb<mld not pass 
through the fan. The system should never be connected directly 
to picker or other hazardous machines. Systems handling such 
stock should operate entirely under suction with a device such 
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as a "condenser," or large separating chamber to discharge the 
stock from the pipe or conduit before it reaches the fan. Stock 
should be fed to system preferably by hand. Stock should enter 
such a system in an upward direction and the pipe should con- 
tinue upward for at least 10 feet to allow any heavy substances* 
or foreign material in the stock to drop out. If the pipe must 
leave the room at a lower level a long radius inverted U may 
be used to obtain the necessary vertical distance. 

b. Systems using mixtures of cotton and wool which can- 
not be handled by condensers and which operate under fan 
pressure, should discharge to non-combustible bins or boxes 
with outside vents through screens. 

r^ Conditions which approach those favorable for explosive 
mixtures should be subject to a special investigation. 

d. The dust from sand-papering machines, granulators and 
pulverizers, buffing or polishing wheels, emery wheels and from 
other machines producing a very fine dust, should have a suc- 
tion system independent of the cyclone, which connects with 
the refuse vault. 

The dust should be settled by spraying in an enclosed cham- 
ber of incombustible material, thus eliminating the hazard of 
the dust room. 

Dust from the machines may also be discharged directly into 
running water if suitable provision is made for its collection and 
removal. 

e. For mills, such as malt, cereals, sugar, celluloid, etc., it 
is recommended that an explosion flap be provided in a metal 
pipe leading outside of the building so that in case of an ex- 
plosion in the mill the flap opens and the explosion spends itself 
outside the building. 

9. VAULTS 

a. Vaults for shavings, refuse, etc., shall be located outside 
and not exposing adjacent property. Walls, floor and roof 
shall be of brick or other approved fire-resisting material ; walls 
not less than 12 inches thick. 

b. Openings, if any. between vault and boiler room should 
not exceed 9 square feet, and bottom of opening be not less than 
4 inches above the level of boiler room floor. Openings to be 
located at least 8 feet from the firing door of boiler, preferably 
at right angles and protected by a standard automatic fire door. 
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c. Vaults to be protected by automatic sprinklers. Where 
an ample steam supply is available a steam jet may be fotmd as 
a useful means of protection. The steam jet is to consist of ' 
a pipe connection direct from boilers* or main steam line and 
provided with a controlling valve located at a safe distance from 
vault. The steam jet to be arranged with two branch pipes 
extending into the vault, the lower pipe to be placed not less 
than three feet from the floor, and the upper branch pipe to be 
placed near the ceiling. There should be an equivalent of 1 
inch pipe for each 1,000 cubic feet in the vault with number of 
outlets as follows: — 

1 outlet on J^-inch pipe 

2 outlets on 1 -inch pipe 
3' outlets on lj4-inch pipe 
5 outlets on lyi inch pipe 

10 outlets on 2 -inch pipe 

d. Where dust-producing machines are used only on a small 
scale, the dust or refuse may, by special permission of the 
Inspection Department having jurisdiction, discharge into a 
substantial metal dust box, or other approved receptacle located 
outside the building, in lieu of a vault. The receptacle to have 
a hinged door or cover, which will readily open and prevent a 
fire or explosion within. 

e. A water tank may be used in lieu of the dust box. In 
such cases the tank should be provided with water supply, over- 
flow and drain pipes. On the water supply pipe a proper float 
controlled valve shall be installed to maintain a constant water 
level. It is recommended that the end of duct be submerged 
into the water at least one inch. 

DISCUSSION 

Secretary Blackmore: This report shows us the great value 
of co-operation with other societies. It is quite possible that 
if some of the members of our Society had not been on this 
Committee that some conditions would have been inserted by 
the Committee of the National Fire Protection Association that 
would have been too onerous for the heating contractor or for the 
consulting engineer. Hence in working together the Heating 
Engipeers can in a measure keep other societies from framing 
ordinances that might be objectionable or unnecessary in the 
construction of heating plants. 
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Mr. J. A. Donnelly: Some seven or eight years ago an in- 
surance broker in New York asked me to join this organiza- 
tion, the National Fire Protection Association. After I joined 
I called the attention of the Heating and Ventilating Engineers 
to the fact that they were eligible as a Society for full mem- 
bership. The National Fire Protection Association is formed 
of Insurance Boards, Boards of Fire Underwriters and other 
organizations interested in lire protection. 

The serious side of this situation is that we can accomplish 
what we want very much more easily through the National Fire 
Protection Association than through this organization. 

In some sections of the country we found that air for ven- 
tilating in school rooms had been taken from vitiated air of 
class rooms through cloak rooms, a very objectionable practise. 
In order to stop it we had to go to the State Legislature and 
get laws passed. We have put some clauses in this report 
forbidding the use of such spaces as cloak rooms as ventilating 
spaces as not being good engineering practise. 

If this is adopted and enforced through the members of the 
Fire Protection Association it will insure its being done. 

A Member: I would like to ask if Mr. Donnelly can tell 
us why this paragraph / was put in: "Outlets on supply and 
exhaust ducts should always be protected by means of register 
faces or wire screens?" Can any one tell me from a fire stand- 
point why you need a register or wire screen on an outlet, 
what good is it going to do from a fire standpoint? 

Mr. J. A. Donnelly: As these things are discussed more and 
more you will find that more and more refinements will be put 
in the requirements. No doubt the size of mesh should be 
specified in the same way as a safety guard is specified. Unless 
these things are specified the insurance men will give you their 
interpretation which you will not possibly get along with as 
easily as you would with the law, or otherwise they will force 
a high insurance rate. 
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CCCLIX. 

PART OF REPORT OF EDUCATIONAL COMMITTEE OF 

THIS SOCIETY AND THE NATIONAL DISTRICT 

HEATING ASSOCIATION. 

TEST OF LOW PRESSURE STEAM VEGETABLE COOKER 

Your committee appreciates the desirability of popularizing 
the use of low pressure steam consuming devices that operate 
satisfactorily on a pressure not exceeding two pounds and will 
return all condensate without waste to the meter. We find 
many devices used in Cooking, Laundry and Process work, 
using steam at pressures varying from 2 to 60 pounds per 
square inch which could have been designed to give in many 
cases an equal service at a pressure not greater than 2 to 3 
pounds. Other fixtures are designed to utilize steam at gradu- 
ated pressures in open receptacles with extravagant use of heat 
units and a total waste of the condensation. The following 
test describes a vegetable steam cooker which satisfactorily 
replaces this undesirable class referred to above. This test was 
conducted by the Standardizing and Testing Department of the 
Edison Electric Illuminating Company, of Boston, February 
10th and 11th, 1913. 

This cooker was installed in a popular down-town restaurant 
and the test was conducted under actual conditions, the observ- 
ers in no way interfering with regular routine operation of the 
device. 

Average number of persons served per day, 2,000. 

Average steam pressure on vegetable cooker during test, 1 
to 1.5 pounds per square inch. 

A report is given below of tests made February 10th and 
11th, on a restaurant vegetable steam cooker, manufactured by 
the Morandi-Proctor Co. 

This cooking fixture is the largest one installed in the restau- 
rant, the dimensions being 5^ ft. by 2 1-6 ft. by 2 ft. It has 
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four distinctly separate cooking compartments, the dimension 
of each one being 24 in. by 22 in. by 8 in. 

Steam enters into each compartment by means of a ^-inch 
pipe, and is drained by means of a 1-inch pipe. The steam 
pressure is regulated automatically so that it cannot exceed 
three pounds. 

Four tables are given at the end of this report showing in detail 
the results of the test on this cooker. 

Tables Nos. 1 and 2 show the time consumed in cooking the 
various kinds of food, and the amount of gain or loss in weight 
of the food, during the cooking. Table No. 1 shows this data 
for February 10th, and Table No. 2 shows it for February 11th. 

Tables Nos. 3 and 4 show the number of hours the cooker was 
in service on February 10th and 11th, the amount of variou.*^ 
kinds of food in the cooker during the day, and the total amount 
of steam required for the operation of the cooker per day. 

The steam was measured by means of buckets placed under 
the drain pipe to catch the condensation. The condensation 
was weighed whenever food was placed in or taken out of the 
cooker, 

CONCLUSIONS 

The following summary of the results obtained from the 
test are given below: 

Date Total Weight Total Weight Loss Gain 

of Food of Food in in 

Entered Taken Out Weight Weight 

Feb. 10. .327 lbs. V/z oz. 329 lbs. 8J4 oz. 2 lbs. 6J^ oz. 

Feb. 11. .279 lbs. 5^ oz. 279 lbs. 1>4 oz. 4>4 oz. 

Length of Day Operation of Cooker: 

Feb. 10 5 hrs. 28 min. 

Feb. 11 4 hrs. 44 min. 

Amount of Steam used during Day: 

Feb. 10 78 lbs. lO^/^ oz. 

(Plus 4J/$ oz. which is water gained from food cooked.) 

Amount of Steam used per Cooker Hour: 

Feb. 11 20.9 lbs. 

Amount of Steam used per Pound of Food Cooked: 
Feb. 11 0.35 lb. 
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It will be observed that some of the vegetables give off mois- 
ture, while others absorb moisture. In this restaurant one 
nearly balances the other during a day's run, as the total weights 
of the food before and after cooking show a very small dif- 
ference. 

FEBRUARY 10, 1913 

Compart- 

ment. Material cooked. Time in. Time out. Weight in. Weight out. Gain. Loss. 

3 PoUtoes 9:25 am 10:07 am 351b 6% ob 341b 6 oz 16% os 

2 PoUtoes 9:25am 10:05am 351bl5 oz 341bl3%oz 17^ oz 

1 PoUtoea 9:25 am 9:49 am 151b 5 oz 161b 7 oz 2 os 

1 Green peas 9:^2 am 10:07 am 18 lb 9^ oz 19 lb 4^ oz 11 oz 

2 Sweet potatoes 10 :07 am 10 :47 am 8 lb 3% oz 9 lb 6% oz 18% oz 

1 String beans & milk 10:13 am 10:27 am 301b 94oz 29Ib 8Hoz 8% oz 

1 Turkey •& roast beef 10:38 am 11:04 am 241b 4% oz 261b 4% oz 33^ os^ 

1 Eggs 11:17 am 11:32 am 4 lb oz 4 lb ok 

3 PoUtoes 11:32 am 12:aOpm 37 lb 3H oz 36 lb 14 oz 51^ oz 

2 Potatoes 11 :39 am 12 :0e pm 13 lb 12^^ oz 14 lb <>z • .'iVj oz 

3 Beef 12:46pm 12:55pm 6 lb 4V^ oz 01b 9 oz 1% oz 

3 Potatoes 1 :02 pm 1 :14 pm 14 lb H oz 14 lb 6H oz 6 oz 

3 PoUtoes 3:46 pm 4:26 pm 27 lb 14 oz 281b 1% oz 3^ os 

2 Potatoes 3:48 pm 4 :25 pm 12 lb 1 oz 12 lb 3^ oz 2% oz 

1 PoUtoes 4:15 pm 4 :28 pm 13 lb oz 13 lb 7^ oz 1% oz 

3 Milk 4 :45 pm 4 :52 pm 12 lb 11 oz 13 lb 11 oz 1 oz 

1 Potatoes 5:43 pm 6:01pm 13 lb 1% os 13 lb 3 oz 1% oz 

1 Eggs 6:01pm 6:18 pm 4 lb oz 4 lb oz 



FEBRUARY 11, 1913 

Compart- 
ment. Material cooked. Time in. Timeout. Weight in. Weight out Gain. Loss. 

3 PoUtoes 9:28 am 10:20 am 351b 7% oi 341bl2Hoz 11% os 

2 Potatoes 9:28 am 10:20 am 361b 5% oz 351b 9 os 12% os 

1 Potatoes 9:28am 9:56am 151bl4Hoz 151b 7% os 6% os 

4 PoUtoes 9:28am 9:66 am 18 lb 12 oz 131b 7% oz 4% oz 

1 St beans,spinacb,peas 9:57 am 10:09 am 27 lb 11% os 27 lb 12 oz ^ oz 

1 Milk 10:10 am 10:31am 181b oz 181b % oz % oz 

i St b'ns, tomat's, peas 10:10 am 10:31am 12 lb 14 oz 13Ib 1 oz 3 oz 

2 Sweet potatoes 10:31am 10:64 am 81b 3% oz 81b 5% oz 2 oz 

3 Potatoes 10 .33 am 11 :01 am 22 lb % os 22 lb 1% oz 1% oz 

1 Turkey 10:36am 11:01am 91b 6 oz 101b 2% oz 12% oz 

3 Potatoes 11 :37 am 12 :43 pm 35 lb 8% oz 35 lb 4 oz 4^ oz 

3 PoUtoes 3 :40 pm 4 :17 pm 9 lb 8% oz 9 lb 10 oz 1% oz 

2 Chicken 3 :53 pm 4 :38 pm 9 lb 7% oz 9 lb 14% oz 6% oz 

2 Potatoes 5:02 pm 6:36 pm 111b 5% oz 111b 8% oz 2% <»z 

3 Eggs 5:08 pm 5:36 pm 6 lb 13 oz G lb 14% oz 1% oz 

2 Potatoes 5:36 pm 5:45 pm 6 lb 15 oz 71b 2% oz 3% oz 

Totals 4hrs. 44min. 2791b 5% oz 279 lb 1% oz .'U>%os34%oz 
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PBBRUARY 10, 1913 



-Time- 



Food in Cooker. 

Turkey and roast beef 

None 

Eggs 

Potatoes (in for 30 min.)... 

Beef 

Potatoes 

None 

Potatoes 

None 

Milk 

None 

Potatoes 

Eggs 



Weight of Pood. From 



To 



Condensation. 



241b 

41b 
501b 

61b 
14 lb 

531b 

131b 

131b 
4 lb 



10:35 am 
11:05 am 
11:17 am 
11 :32 am 
12 :30 pm 
12:55 pm 
1:14 pm 
3:46 pm 
4:28 pm 
4:45 pm 
4 :52 pm 
5:43 pm 



11 
11 
11 
12; 
12: 
1 
3 
4 
4 
4; 
5 
6; 



:05 am 
:17 am 
:32 am 
30 pm 
56 pm 
14 pm 
:46 pm 
:28 pm 
45 pm 
:52 pm 
:43 pm 
18 pm 



21b 4Hoz 
31b 7% OS 

1 lb 12% oz 
25 lb lOH ox 

21b 5Hox 
21b 5 oz 
3 lb 11^ OS 
191b 4V^oz 

2 lb 10% oz 
31b 3V4 0Z 
0Ibl5V&oz 

10 lb 13% oz 



FEBRUARY 11. 1913 



-Time- 



Food In Cooker. 

Potatoes 

Str. beans, peas, spinach. 

Potatoes 

Potatoes 

Str. beans, tomatoes, peas 

Milk 

Milk 

Str. beans, tomatoes, peas 

Turkey 

Sweet potatoes 

White potatoes 

Turkey 

Potatoes 

Potatoes , 

Chicken 

Potatoes 

Chicken 

Eggs 

Potatoes 

Potatoes 



Weight of Food. From 



To 



Condensation. 



1011b 

281b 

72 lb 

721b 

131b 

181b 

181b 

131b 

91b 

81b 

571b 

91b 

221b 

351b 

91b 
101b 
91b 

71b 
111b 
71b 



9:28 am 
9:56 am 



10:09 am 



10:54 am 

11 :01am 

11 :37 am 

12:43 pm 

3:40 pm 

4:17 pm 
4:38 pm 
5:02 pm 

5:36 pm 



9:56 am 
10 :09 am 



10:20 am 



10:20 am 10:31am 

10:31am 10:54 am 



11 :01 am 

11:27 am 

12:43 pm 

3:40 pm 

4:17 pm 

4:88 pm 
5:02 pm 
5:36 pm 

5:45 pm 



181b 6% OS 
7 lb 11% OS 

4 lb 12% OS 



2 lb 14% OS 
5 lb 11% oz 

lib 6%oz 

31b 2 OS 
151b 2 OS 
14 lb 6% OS 
11 lb 7% oz 

lib 5% OS 

2% OS 

31b % OS 

9 lb % OS 
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CCCLX. 

PRELIMINARY REPORT OF THE COMMIITEE FOR 

STANDARDIZING A METHOD OF TESTING AIR 

WASHERS. 

ALFRED E. STACEY, JR., CHAIRMAN 
OUTLINE OF DATA FOR TESTING AIR WASHERS. 

In preparing a code for standard method of testing air washers, 
the Committee recognized the many difficulties to be encountered, 
and the large amount of research work necessary. From a review 
of the work which had been done along these Hnes, the methods 
and procedure would naturally arrange themselves in three general 
groups : 

First: Dry Filters. 

Second : Soluble Filters. 

Third : Direct Dust Count. 

The Dry Filter method was the first used and has gone through 
several stages. of development. 

First: The plain cloth screen through which all the air passed. 

Second: The filter paper method through which passed only a 
small percentage of the air. 

Third : A screen made of cloth having a heavy nap. 

Fourth : A fine mesh wire screen. 

Fifth : The Carrier Method. 

Plain Cloth Screens, 

The plain cloth screens were built of cheese or bolting cloth, 
mounted on light frames and arranged so that all the air passing 
through the air washers would pass through the cloth. One set was 
mounted directly after the eliminator plates, and a known amount 
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of testing material was introduced into the inlet of the washer in 
a specified time. The percentage by weight of the amount deposited 
on the cloth to the amount introduced was considered as the washing 
efficiency of the air washer. The method was later varied by making 
tests at each end of the washer and not using any special testing 
material. In this method many inaccuracies from many sources 
were apt to be introduced. 

Fir^t: A great number of fine dust particles passed through the 
screen. This can be readily understood when we recall that ten 
million dust particles per cubic foot of air is not uncommon, and that 
one of Dr. Hill's tests made in the middle of Lake Michigan showed 
six hundred and forty-six thousand dust particles per cubic foot. 
A cloth with mesh fine enough to remove these would be impractical, 
if not impossible. 

Second : The accuracy of weighing the cloth before and after 
being exposed gave very unsatisfactory results. The common method 
was to weigh the cloth before the test, after it had been subjected 
to a high temperature for a specified length of time. This was 
again done after the cloth had been exposed to the air to be tested. 
The accuracy of the results depended largely upon the precision 
with which the weighing was done. 

It is very difficult in varying atmospheric conditions to weigh 
cloth with extreme accuracy. This is due to the fact that all fabrics 
have a natural moisture content corresponding to the temperature 
and relative humidity. As soon as the screen is removed from the 
oven it starts to absorb moisture to its natural amount and during 
this time the weight is constantly changing. The atmospheric con- 
ditions before and after the test would hardly be the same, so an 
error due to the different amount of moisture would be introduced. 
Another trouble experienced is in protecting the screens from out- 
side influences, such as dust being deposited before and after the 
test is run and dust being shaken from the surfaces during the 
baking. 

Another inaccuracy in weighing, when no special testing material 
is used, is due to the loss of weight of the foreign matter itself, as 
a result of its subjection to a high temperature. The smaller the 
deposit on the screen, the greater the percentage error would be. 
This would not be so noticeable should testing material be used, 
but then other difficulties would be met, such as obtaining an even 
distribution over the face of the washer and keeping the particles 
divided, which otherwise, from their own weight would fall to 
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the bottom of the washer. The popularity of this method is due 
to the simplicity of the apparatus and the natural adaptation of the 
filter screens which air washers replaced. 

In order to overcome to a large extent many of the above men- 
tioned difficulties, this method was refined. Large filter papers, 
mounted in a funnel, were attached to the suction side of a gas 
meter. Measured amounts of air were drawn through the filter, and 
the amount of dust deposited determined by weight. The same 
error given above, such as weighing foreign dust, etc., were en- 
countered to a smaller extent. Samples were taken at each end 
of the washer, but no effort was made to get an average air sample 
over the face of the washer. 

A Screen Made of Cloth With a Heavy Nap : 

Another variation of the cloth screen method was the substitution 
of a cloth with a nap for the cheese or bolting cloth. This gave a 
larger surface, in proportion to the area, for the dust to adhere to, 
and no doubt cut down the amount passing through the screen. 

A Wire Screen : 

One trouble experienced with the screen method was in cutting 
down the air supply. This was caused from the extra resistance to 
the flow of air. In some instances this could be overcome by vary- 
ing the speed of the fan. To simplify accurate weighing, wire 
screen of very fine mesh was substituted for cloth. In this way 
errors resulting from natural moisture regain were eliminated ; how- 
ever a larger number of dust particles passed through the wire 
screen, so that the advantage of accurate weighing was more than 
offset by this greater error. 

DESCRIPTION OF THE CARRIER DRV FILTER. 

The Carrier Dry Filter consists of two cloth filter bags of small 
size, through which the air is drawn simultaneously from the front 
and the back of the washer at an equal and constant rate. This is 
accomplished by maintaining a constant pressure drop through an 
orifice in the diaphragm. The pressure difference on this orifice is 
maintained automatically by means of a throttle valve, controlled 
electrically through a float in pressure gauge. The entire apparatus 
is mounted on a subbase 3 feet long and 17 inches wide. The air 
is taken into each filter bag through a sampling tube, which has 
openings distributed as uniformly as possible over the faces of the 
washer. At the point of entrance to the sampling tube, there is an 
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electric heater, so that the air is thoroughly dried out before passing 
into the bags. This is done in order that any moisture in the dust 
or air will not cause deposits on the tubing or choke up the filter 
bag. This apparatus is very complete and convenient to use, inas- 
much as it is self contained. At the time of writing no tests had 
been made with it. A great advantage of this machine is the pos- 
sibility of taking samples of air from both sides of the washer simul- 
taneously. 
Filters Soluble in Water: 

The second general group is composed of filters soluble in water. 
The only one of this type is briefly described by Dr. Hill in his 
paper^ "Report of Ventilation Division, Chicago Health Depart- 
ment," as follows: The Sugar Filter Apparatus consists of a gas 
meter through which the air is drawn by means of a high pressure 
centrifugal fan. On the inlet of the meter is situated the filter, which 
consists of a glass receptacle containing 25 grains of sugar on a No. 
100 mesh wire gauge. From 10 to 50 cubic feet of air are drawn 
through the sugar, which is then dissolved in 100 c.c. of distilled 
water, and the dust particles counted in a Sedgwick-Rafter Counting 
Cell, with a ruled eye piece. For a more detailed description refer 
to the above mentioned paper. From the Engineer's standpoint 
this method would never be practical, inasmuch as for accurate 
results, the services of a chemist are needed. Other substances for 
the filter besides sugar are used in this type of machine. 
Dust Determination By Direct Dust Count : 

Under group HI, Dust Determination by Direct Dust Count, there 
is only one method which has been tested and proven satisfactory. 
This is by the Aitken Dust Counter. Professor Aitken developed 
this apparatus from his Koniscope, the accuracy of the results de- 
pending largely upon the skill of the operator. The air to be tested 
is drawn into a chamber and expanded adiabatically, thus obtaining 
saturation. The dust particles in a saturated atmosphere form a 
cloud or fog, the density of which is compared with standard cards, 
on which are marked the corresponding number of dust particles 
per cubic foot. This method leaves much to be desired, as so much 
depends on the personal element, and there is no way of obtaining 
a permanent record. 

The Aitken Dust Counter overcome the difficulties of the Koni- 
scope by introducing a low power microscope with a ruled object 
glass. The dust particles falling on this can be easily seen and 
counted. Briefly, the Aitken Dust Counter consists of a cotton 
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filter through which air can be drawn to scour the testing chamber. 
Three way cocks are inserted in the line between the filter and the 
chaint)er. These are so arranged as to make possible different 
dilutions of the air to be tested with the filtered air. The cubical 
content of the expansion chamber is exactly 50 cubic centimeters 
and contained in the chamber there is a fibre member for supplying 
the necessary moisture to saturate the air. Mounted inside this 
chamber is a small arm for stirring the air so as to obtain a thorough 
mixture of the test air and the filtered air to accelerate. saturation. 
Between the lens and the ruled object glass, which is situated in 
the bottom, there is exactly one cubic centimeter ; therefore the dust 
deposited on the object glass is from one cubic centimeter. A dis- 
placement pump is connected to one side of the expansion chamber. 
In operating, the pump draws the air through a filter for scouring 
out the expansion chamber ; afterwards the air for testing is drawn 
into the chamber, and the air cock closed. Then the pump is again 
actuated so as to remove the air from the expansion chamber and 
draw in the air to be tested. This air is expanded adiabatically by 
further movements of the pump. The mixing rod in the chamber 
is agitated htiore these final movements of the pump. As soon as 
the air becomes saturated, the dust particles fall upon the object 
glass, and can be counted through the eye piece- In order to obtain 
a permanent record.. Mr. Hoskins suggested that a small piece of 
smoked glass, the diameter of the object glass, be introduced into 
the chamber. The dust particles, in falling upon this, produce 
minute dots in the carbon. The glass is then removed and mounted 
for counting on a regular microscope slide. In this manner, a per- 
manent record is made of the results. As far as is known now, the 
Aitken Dust Counter gives extremely accurate results, although 
questions have arisen as to the probability of certain gases causing 
precipitation on the object glass in a saturated atmosphere. As yet 
this has not been proven. 

Dr. Hill is developing a Diff ractoscope which consists of a cylinder 
having a slot on one side through which enters a beam of light, 
and at one end an eye piece through which observations can be mad^. 
The object of this apparatus is to determine the number of dust 
particles in the air when it is "optically empty," and to use this as a 
standard for Pure Air. Filtered air will be drawn into the chamber 
until it is optically empty, that is until no dust particles are visible 
in the beam of light, then by means of the Aitken Dust Counter, 
the dust particles remaining will be determined. 
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Another method, which has not as yet been experimented with, 
consists of a high grade camera, having high speed shutters and 
microscopic lenses. With a standard ray of light, photographs can 
be made directly in the air chamber. This apparatus will give a 
permanent record of the dust count, and in all probability with 
standard lens and standard beam of light, dust counts can be made 
with the same degree of accuracy. 

Data to be Obtained from Tests : 

In determining a procedure to follow in our testing, it was found 
necessary to consider the following: 

First: How many hours after a heavy rain that a test should 
be run? 

A heavy rain acts as an air washer and removes from the air all 
but traces of dust. This has been proven conclusively by daily 
readings taken on the roof of the Chicago City Hall. As the dust 
remaining in the air would be, necessarily, very difficult to remove, 
an air washer tested under these conditions would be at a great dis- 
advantage, and would not show a true average result of the wash- 
ing efficiency- 
Second: Would it be desirable from the standpoint of the En- 
gineer to have two washing efficiency guarantees ; one covering the 
removal of dust which has an affinity for water, and the other the 
removal of particles of carbon and oil ? 

Under the first head w6uld come dust from the streets, which 
is composed of vegetable matter, dust from the pavements, particles 
of hair, etc. It may be possible to find a method to differentiate 
between these two kinds of dust. 

Third : Would it be desirable to test all washers with some stand- 
ard material? 

A great many questions rise in connection w^th this, such as per- 
centage of foreign material to the pounds of air passing through 
the washer, the method of introducing the material into the air, and 
also the nature of the material. 

Fourth : What correction should be made in the washing guaran- 
tees for variation in temperature and relative humidity? 

Experiments no doubt will prove a wide variation of washing 
efficiency, when operating under different temperatures and relative 
humidities. This variation will no doubt be due to the ease of 
removing dust which has an affinity for water when the air is near 
the saturation point, as a great amount of this would be precipitated 
from its own weight. 
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Fifth: Does the temperature of the spray water in relation to 
the wet bulb temperature of the entering air have any effect on the 
washing efficiency ? 

We might expect when any dehumidifying is done to find 100 
per cent, washing efficiency, in case the elimination of free moisture 
is perfect. The effect on the washing efficiency of heating spray 
water is not known, and will have to be investigated. 

Sixth: What procedure should be followed in finding the effi- 
ciency of a washer for bacteria removal? 

This point is of great importance, as people are becoming edu- 
cated in regard to bacteria in their homes, schools, churches, theatres 
and manufacturing places. As the work progresses, other questions 
of equal importance will present themselves. 

Experimental Apparatus and Procedure : 

In order to do the research work necessary to obtain the data 
for a basis on which to formulate recommendations for a standard 
method of testing air washers, your Committee considered it neces- 
sary to have an experimental plant so that all the variables could 
be controlled. The Carrier Air Conditioning Company placed at 
their disposal one of its type "H" Air Washers and Humidifiers, 
connected to a Buffalo Niagara Conoidal Fan. The fan and recir- 
culating pump are driven by General Electric Motors. In connec- 
tion with the Carrier Air Washer, there is furnished two sets of 
eliminator plates of different types, one having a device for flooding 
the surfaces and six corrugations, and the other without a flooding 
device and with four corrugations. There are also two sets of spray 
nozzles of different sizes. This apparatus has been installed in a 
pent house on the roof of the Chicago City Hall Building. 

The first tests will be run under as nearly constant conditions as 
possible to determine the comparative accuracies of the different 
methods of dust determination. After this has been established, 
tests will be run varying one atmospheric condition at a time, so 
that its effect can be studied. Later different types of dust will be 
introduced and their effect on the washing efficiency noted. Tests 
will be run with different temperatures of the spray water, which 
can be held constant by a Carrier Automatic Dew Point Control. 
Bacteria plates will be taken in connection with the foregoing, both 
in the air and the recirculating water. From chemical analysis of the 
recirculating water, data on the composition of the dust particles 
will be obtained. 
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The Committee is attempting to collect complete and accurate 
data to establish the laws governing the efficiency of air washers, 
and with these as a foundation, recommendations for a Standard 
Method of Testing can be formulated and submitted for your ap- 
proval. Data obtained from these tests will be reported at the 
winter meeting. 

Respectfully submitted, 

Alfred E. Stagey, Jr., 
Dr. E. Vernon Hill, 
Harry M. Hart, 

Committee. 

DISCUSSION 

Mr. Braemer: 1 have heard with a gj-eat deal of interest 
the report of the above Committee and desire to say that this 
is a very important and timely subject, since the air cleansing 
guarantees in connection with air washers, as at present made 
by different manufacturers, are subject to criticism, to say the 
least. 

Our company has for a number of years past conducted numer- 
ous tests in our experimental laboratory for the purpose of 
determining upon the best method of testing air washers, but 
each and every one so far has proven unsatisfactory in one 
way or another. We have in many cases endeavored to ascer- 
tain the cleansing efficiency by weighing a cheesecloth screen, 
subjected to the air before and after leaving the air washer, 
and this test is, in the writer's opinion, an utter failure since 
the amount of dirt collected on the screen in the air leaving the 
air washer was so small as to make practically no difference in 
the weight, but such difference as existed would appear due to 
the avidity of the cheesecloth for the moisture absorption. 

Sometimes the above tests were conducted for a period of 
several hours without adding any dirt to the air in passing arti- 
ficially; at other times we have taken a flour sifter holding 
about two quarts of flue dust and passed it through the air 
washer, but with the same result in both cases. We have used 
dry cheesecloth screens, several screens placed in succession in 
front of the air washer and of course fine dust particles would 
pass through the screens, at the same time if very much passes 
through there is no doubt about it but that the screen will be 
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discolored, and the screens thus placed would give a fair indi- 
cation of the air cleansing efficiency of the washer as compared with 
the similar screen placed in front of the washer. At other times we 
have placed a blacksmith forge in front of the air washer, built a 
heavy, soft coal fire, placed oily waste on the fire and a cheesecloth 
screen placed beyond eliminator of the air washer would indicate by 
discoloration the amount of carbon or dirt passing through and 
by a person standing in front of the eliminators a fair idea 
could be gotten as to the removal of the gases. 

Another method we have pursued in many cases and which 
seemed so far the most satisfactory as an ocular demonstra- 
tion, we have called it the Webster method and it consists of 
the placing of one or more small screens in the path of the 
air before and after leaving the washer. These cheesecloth 
screens were given a coat of vaseline, with the object of making 
the dirt adhere to the screens, and in such cases it was found 
after a day's run that the screens in the fresh air inlet would 
be absolutely cqal black, whereas the screens in the air leaving 
the air washer were in some cases entirely clean and in others 
slightly discolored. Of course such a test gives no accurate 
method of establishing the efficiency of the air washer, but it 
indicates nevertheless in a very satisfactory way whether the 
air washer is doing good work or not. This test of course is 
only satisfactory u^^der natural conditions. 

From our experiments as well as our actual experience in 
many and varied installations, we have found a difference in 
the air cleansing efficiency with a given air washer for different 
temperature and humidity conditions; for instance, we have 
found when the water used in the tair washer under natural 
conditions was very cold the air cleansing efficiency was not 
as good as when the water was of a higher temperature and 
this is accounted for by the low wet-bulb temperature of the 
entering air and consequent low relative humidity of both air 
entering and leaving. In some instances the writer has advised 
making provision for warming the water slightly in order to 
increase the air cleansing efficiency of the washer. 

The subject is a very broad one since a great many variables 
enter into the question, but it seems to the writer that any 
standard method of testing air washers for air cleansing effi- 
ciency should be made with a view toward simplicity. Not only 
should a standard method be established, but a standard con- 
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dition, and this condition should be the worst one found after 
a series of tests. 

In the report by the Committee, under the heading of **Data 
to be Obtained from Tests" is stated: — 1st: How many hours 
after a heavy rain that a test should be run? This, naturally 
would be assuming that the test should be run without passing 
artificially any dirt through the washer, but under natural con- 
ditions, whether it has recently rained or not, would have little 
or no influence on an air washer test conducted by introducing 
dirt artificially into the air passing. 2nd: Whether or not it 
will be desirable from the standpoint of the engineer to have 
two washing efficiency guarantees, one covering removal of 
dust which has affinity for water and the other the removal of 
carbon and oil, would say that if an air washer will remove a 
certain satisfactory percentage of carbon or oil it is sure to 
remove practically all matter with affinity for water, so that 
if a series of tests were conducted covering relative efficiency 
of the air washers for removal of both matter with affinity for 
water as well as carbon, etc., a standard guarantee with refer- 
ence to one could be adopted which would cover both. 3rd: 
Whether or not it will be desirable to test the air washer with 
standard material, the writer would say, positively yes; at the 
present time tests with different air washers are conducted with 
different materials, some use road dust, others wood ashes, 
others lamp black, etc. We have for several years past used 
flue du3t removed from our smoke stack at our factory where 
we burn soft coal in the boilers and we believe this material 
representative for the purpose. It probably would be a diffi- 
cult matter to find a standard material which would be within 
the reach of everybody, yet such a thing might no doubt be 
done. 4th: What correction should be made in the washing 
guarantees for variation in temperature and relative humidity? 
In this connection would say that it does not seem to be to 
the writer that such corrections should be necessary, since 
our experience indicates that the air cleansing efficiency re- 
mains reasonably constant for a fair range in temperature and 
humidity, and it is only when the outside wet-bulb temperature 
has been very low with a consequent low temperature of wash 
water, no humidity control system being installed, that we have 
seen any material difference in the results, so that if air washer 
tests were conducted with ordinary conditions of temperature 
and humidity, it seems to the writer that would be sufficient. 
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5th: Does the temperature of the spray water in relation to 
the wet-bulb temperature of the entering air have any effect 
on the washing efficiency? This seems to be substantially the 
same as covered by question 4. When de-humidifying is done 
of course conditions are different, inasmuch as in such cases 
the wet-bulb temperature of the air entering the washer is usu- 
ally high and therefore the air leaving the air washer is com- 
pletely or practically saturated, and a high air cleansing efficiency 
might be expected. The 6th question, with reference to bac- 
teria removal, is a question for scientists and not engineers 
to solve. Bacteriological tests in connection with air washers 
were made at the Springfield International Y. M. C. A., . and 
Dr. McCurdy of that Institution and Mr. D. D. Kimball who 
was the Consulting Engineer, will be able to tell us how these 
tests were conducted. 

Summing up the above the writer would suggest: — 
1st. That endeavors be made towards establishing a standard 
method of testing air washers for cleansing efficiency — after 
careful investigation by the Committee. 

2nd. That endeavors be made towards establishing a standard 
condition under which air washers should be tested for air 
cleansing; this condition referring to range of temperature and 
humidity and spray chamber velocity of, for instance, 600 feet 
per minute. 

3rd. That endeavors be made towards determining upon a 
standard material for testing air washers with reference to air 
cleansing. This material should be as near as possible that ordi- 
narily found in outside air, such as, for instance, flue dust or road 
dust or a combination as may be determined upon. 

4th. That endeavors be made toward determining upon a 
standard quantity of the testing material selected per -pound of 
air handled. 

The writer thinks that tests made with the experimental air 
washer by the Committee should enable it in due time ta arrive 
at the most desirable standards, but we must not lose sight of a 
fact which must be potent to any one who has studied the ques- 
tion, that the air cleansing efficiency of an air washer very greatly 
depends upon the design of the two principal factors of air 
washing, namely, the eliminator and the spray. An eliminator 
of a given type with six deflections obviously gives greater 
eliminating efficiency than an eliminator of the same type with 
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only four deflections, but an eliminator with four defections of 
another type might give as good or better eliminating results 
than the first type of eliminator mentioned with six deflections. 
Experiments in our Laboratory have shown us conclusively 
that eliminators constructed on the basis of having continuous 
zig-zag passages for the air with small lips on the baffles are 
less efficient than eliminators with staggered rows of baffles. 
Experiments have further proven to us that it is entirely pos- 
sible by the use of staggered rows of eliminators with four 
deflections of proper design to get complete removal of the free 
moisture, to have an exceedingly low resistance to the air in 
passing and with a high air cleansing efficiency, so that in 
establishing a standard air cleansing guarantee, tests should be 
made with eliminators of other types in addition to those now 
used by the Committee, and our Company will be glad to place 
at the disposal of the Committee an air washer for this pur- 
pose and we will equip this air washer with three types of elim- 
inators. In our extensive experience in this line of business 
we have found that no cure-all can be found in eliminators as 
in anything else; eliminators must be built specifically for the 
purpose intended, and thus our Company has three types of 
eliminators, depending upon the work they are to perform. 

As above stated our Company will be very glad to offer an 
air washer to the Committee for the purpose mentioned and 
the writer will be glad to discuss the question with them. 

Mr. A. E. Stacey, Jr. : It might be interesting to know that 
there have been tests made on the roof of the Chicago City Hall 
and the lowest dust count recorded at about 18,000 per c.c. I 
omitted making a note here that these Carrier sample bags are 
placed in an oven where they are dried so that there is no 
moisture regain. When this preliminary data has been obtained 
from tests, we will find other questions very important to be 
answered. We are now trying to separate the diff^erent kinds 
of dust and find their chemical characteristics by analysis. 

Mr. D. M. Luehrs : The American Blower Company realizing 
the importance of this testing work, have gotten together some 
apparatus, practically the same as used by the Committee, and 
are going after this air washer testing thoroughly. I have with 
me some photographs of the Aiken Dust Counter, and the other 
apparatus. We also have several ideas that are at variance 
with the Aiken Dust Counter that we are going to thrash out. 



Digitized by 



Google 



DISCUSSION ON STANDARDIZING METHOD OF TESTING AIR WASHERS. 437 

We do not believe that the Aiken Dust Counter as at present 
used is sufficiently accurate for air washer testing. 

President Lewis: The Committee is anxious to receive any 
suggestions possible to enable them to make a full report at the 
annual meeting. 

Mr. Thomas Tait: I might make one recommendation. I 
believe that that paper would be more valuable if there were 
four or five photographs accompanying it of the apparatus men- 
tioned. 

Mr. A. E. Stacey, Jr. : A large number of photographs of 
that apparatus have already been printed in Dr. Hill's paper 
presented last winter at the annual meeting. The Aiken Dust 
Counter is not included in the photographs, because we did not 
have time to get copies made for this paper. 

President Lewis: I am very proud of the attitude which the 
manufacturers of air washers have taken in this matter. I think 
it assures a most encouraging outlook for the future of our 
Society that these people under the stress of competition should 
so frankly give us the benefit of their experience and informa- 
tion ; and I believe that the Committee would be very glad 
indeed to have sample apparatus and suggestions from all manu- 
facturers sent to them so that they may be tested in the plant 
in Chicago and at such tests the Committee will be glad to 
have representatives of manufacturers present; not that the 
Report of the Committee will be permitted to show the advan- 
tages of any one manufacturer over another, but in order that 
the general information which we are sadly deficient in may be 
obtained. 

Mr. Daniel M. Luehrs: Sometime ago I went to Chicago to 
see Doctor Hill to learn what work they were doing. It was 
our idea, seconded by Doctor Hill, that we conduct these experi- 
ments on the same line that was being followed by the Com- 
mittee, in order to get an outside check by an independent force 
of observers. The American Blower Company has quite a test- 
ing crew, and they intend to devote that crew to the service of 
making these air washer tests during the coming year, to see 
if we can develop an instrument of some kind that an ordinary 
layman can use as a testing instrument. Doctor Price of the 
Detroit Board of Health has oflFered to co-operate with us on 
the bacteriological work, and also to check our microscopical 
work on dust counts in order to be sure that we are following 
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a correct method of procedure. Of course we are only too 
anxious to co-operate with the Committee of the Society in 
developing facts that are of value. 

Willis H. Carrier: There is one item that I noted in Mr. 
Braemer's discussion to which I would like to call attention, 
viz. : the use of screens covered with vaseline or glycerine as an 
indication of the amount of dirt passing through a washer. I note 
that Mr. Braemer states that it has been his experience that a 
screen that was very open would show very much more dirt, 
especially fine dirt like smoke, than one that was of closer mesh. 
In this I quite agree with Mr. Braemer. We know for instance 
that if a cheese cloth screen and a pocket handkerchief be ex- 
posed to the same current of air that the cheese cloth screen 
will quickly show signs of soil while the pocket handkerchief 
being of closer weave will remain apparently clean. This is 
entirely due to the fact that the air passes through the cheese 
cloth screen much more readily than through the handkerchief. 
The heavier particles may impinge on the handkerchief with- 
out adhering while the lighter particles having so much less 
inertia are diverted by the air current before touching the hand- 
kerchief. From this it would seem that a screen covered with 
vaseline would only catch the heavier particles while the lighter 
particles would tend to dodge around it. Such a test applied 
to an air washer would appear only to be an indication of removal 
of the heavier particles of dirt. 

Mr. Wm. G. Braemer: I agree with Mr. Carrier that if a 
cheese cloth screen is covered with vaseline to such an extent 
that it is made solid, so that no air can pass through, an air 
cushion will be formed and the air will be deflected on the sides. 
The point is to put only a very small quantity of vaseline on 
the cheese cloth, just enough to cause the dust to adhere to it. 
However, assuming that such an air cushion is formed, if there 
is any dirt in the air, it will discolor the screen. 

Mr. Daniel M. Luehrs: We find in the use of screens in 
some localities in testing air washers, they will get very black : 
in other cases where you have a different kind of dust in the 
air there will only be a light deposit on the screen. While 
there may be a greater efficiency of dust cleaning in the first 
case, yet you do not get the same amount of color in the second 
instance because of the difference in the quality of the dust. 
' Mr. Wm. G. Braemer: Another point that I want to bring 
out is that we will probably never be able to completely remove 
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all dust particles from the air by passing it through an air 
washer; but if we can remove the dirty dust particles I do not 
know that there will be any harm in leaving a small percentage 
of the fine clean dust particles. I have not mentioned the 
Aiken Dust Counter thus far, for the reason that I know very 
little about it. I understand from the reports I have received 
from our Chicago office that the air samples used in connection 
with the dust counter were so small as to make the test of 
little value in its present form. I am going to Chicago after 
this meeting is concluded for the specific purpose of having a 
talk with Doctor Hill about the matter and to become acquainted 
with the Aiken Dust Counter and its use. 

Mr. A. E. Stacey, Jr.: I think Mr. Braemer does not under- 
stand that a sample is taken over the entire face of the washer, 
and then the sample for the dust counter is taken from this 
larger sample. One inaccuracy that we do not know about in 
the Aiken Dust Counter which appeals to us just now is as to 
whether or not certain gases make a precipitation on the plate. 
This question has been brought up, but has not as yet been 
proven. 

Secretary Blackmore: I know more about washing clothes 
than I do about washing air ; but it seems to me if I was going 
to make a demonstration as to how clean I could wash clothes 
I would not put a whole lot of dirt on them first in order to 
demonstrate by the dirty condition of the water that the clothes 
must be clean. Mr. Stacey^and his committee have gone into 
this question very much in the way that I would expect them 
to, and Mr. Stacey has explained the plan by which they will work 
out the problem and that leaves very little for the rest of us to 
offer. It seems to me the way to go about this problem, whether 
or not you employ a diffractiscope, is to find out what is left 
in the air after it is optically empty, and see whether the number 
of dust counts that then remain in it are injurious. If not. 
that can be accepted as the standard limit of the number of 
dust counts that can be allowed for pure air. The optically 
empty air should be searched very carefully to see if any bac- 
teria remain in it, and if so, they should devise means to remove 
them and in this way formulate a standard of purity. Just how 
dirty you could make the screens after you have finished an 
operation would not interest me a particle, but how pure the 
air is after it has gone through the washer, and how free it is 
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from injurious bacteria is important. Dame Nature has kept 
us so long in our environment that we have acquired guards 
that protect us against dust to a certain extent. 

I think the diffractiscope and the Aiken Dust Counter will 
prove to be good instruments, but I believe the telescopic camera 
when properly developed will prove to be a more accurate instru- 
ment for registering dust count. 

Mr. Wm. G. Braemer: I have no doubt that the use of the 
diffractiscope and the Aiken Dust Counter, or a combination of 
both, will be satisfactory for testing purposes after methods of 
application have been properly developed, especially in testing 
plants and laboratories, but at the same time we should not lose 
sight of the fact that the use of such instruments is not always 
convenient or possible in actual installations. I think we should 
endeavor to establish a plain and simple standard method of 
testing air washers for cleansing efficiency which can be readily 
applied by engineers or manufacturers* representatives on the 
ground. An occular demonstration such as the "Webster" 
method mentioned in my written discussion has proven effective 
and convincing wherever applied. 

J. Irvine Lyle: I would disagree with Mr. Braemer's last 
statement. I think what we need is technical accuracy. We do 
not want any more guess-work such as has characterized the 
methods that have been followed a great many years. At the 
Carrier factory we have been trying for the last three or four 
years to test air washers. The more tests that we have carried 
on the more we have realized our ignorance. Professor Busey 
had been working on this problem for eighteen months previous 
to his death, and from his own statement he had arrived nowhere. 
We hope to continue that work. But I do not want Mr. Brae- 
mer's recommendations to go by the board, I do not want him 
to feel that the Carrier Company is trying to monopolize the 
tests in Chicago. On October 1st we are going to need the 
apparatus that is out there for other work, and I would like to 
have Mr. Braemer have his apparatus sent out to Chicago before 
October 1st, that it may be also tested. 

Mr. Wm. G. Braemer: I agree absolutely with Mr. Lyle as 
to the necessity for accuracy rather than slipshod methods and 
guesswork; but I can see no reason why. it woul3 not be pos- 
sible for us to establish a simple method for testing air wash- 
ers that shall at the same time be accurate. 



Digitized by 



Google 



DISCUSSION ON STANDARDIZING METHOD OF TESTING AIR WASHERS. 441 

Mr. Theo. Weinshank : I am a novice in air washer engineer- 
ing, having only 14 years' experience but I want to substantiate 
the statement made by Mr. Lyle as far as bacteria is concerned 
and what he said about guess-work, also the statement made 
by Doctor Hill at the last annual meeting as to deductions made 
from observations. With air washers we can accomplish that 
for which they are designed, namely, wash the air, that is : remove 
dust, fumes, smoke, and even odors; but when the question of 
bacteria is reached, then allow me to cite you an experience I 
had about fourteen years ago at the Union Stock Yards at 
Chicago where they were making a kind of sausage called 
"Summer Sausage." This summer sausage was dried in a spe- 
cially prepared room, not by heat but by exposure to the atmos- 
phere. On the outer skin of the sausage there developed a 
white mould, and I was informed by the chemist that this was 
due to a microbe from the dust in the atmosphere. I suggested 
to him that he try getting the dust out of the air with a fan and 
air washer. He thought it was a good idea and went to the 
expense of equipping the place, putting in a fan .and an air 
washer, and washed the air completely so that there was no 
dust nor dirt going through. The chemist then thought that 
we had the problem solved and put in a batch of sausage to try 
it out. When the sausage came out it was absolutely white, 
the bacteria were multiplied a million fold. Now whether the 
bacteria came from the air, from the water or from the sausage 
we could not .decide. The fact remained that the bacteria were 
not eliminated. The chemist said, "I can get up something that 
will kill the bacteria, but I will kill the life in the sausage when 
I do it." So I believe we can kill the bacteria in the air of our 
school houses, but whether at the same time we will not kill 
off the children is the question. 

REPORT OF THK CHICAGO COMMISSION ON VENTILATION 

The Chicago Commission on Ventilation is a delegated, vol- 
untary organization, composed of representation from the De- 
partment of Health of the City of Chicago ; representation from 
the Chicago Public Schools; representation from the A. S. of 
H. & V. E. ; representation from the Chicago Architects Busi- 
ness Association ; representation from the Illinois Chapter of the 
American Institute of Architects ; representation from the West- 
em Society of Engineers. 
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The Commission is now in its fourth year and the demand 
has been so great for information concerning its work that they 
have felt it necessary to publish a pamphlet on the organization 
and its work. This publication will be ready for distribution 
in a few weeks and embodies quite an extensive report of the 
Commission along four general lines, as follows: — 

(1) A complete history of the organization including a state- 
ment of its methods and working principles. 

(2) The opinion of the Commission on different phases of 
ventilation. 

(3) A statement of some of the problems at present being 
undertaken by the Commission. 

(4) Excerpts from addresses or papers given by different 
members of the Commission. 

The organizations holding membership in the Commission are 
sufficiently established and also sufficiently varied in their pur- 
poses to bespeak the value of its findings. It is but fair also 
to state that almost all of the resolutions embodied in their 
publication have been the subject of careful observation or 
experimentation by members of the Commission. 

The past season has been devoted to testing different systems 
of vefitilation in theatres, schools and street cars. One test was 
made of a large, general office and five tests have been made in 
our cabinet. 

In theatre tests, the following observations are. made : — Type 
of theatre, Seating capacity, System of Heating, System of 
Ventilation, Location of Fresh Air Intake, Type and capacity 
of supply and exhaust fans. Number, Size and location of inlet 
and outlet openings. Type and capacity of boiler or furnace. 
Tests are made, of the air velocities, air movements, COg, Bac- 
teria, Dust, outside and inside temperatures and relative humid- 
ity. When theatres are unoccupied, lighted, standardized can- 
dles are placed in the seats. 

Observations in school rooms and street cars are about the 
same except that during the street car tests, the speed and direc- 
tion in which the car is running and the velocity and direction 
of wind is also noted. 

For the cabinet tests, the following observations are made: — 
Sex, age, weight, height, type, occupation and present condition 
of the subjects. A careful record is kept of the temperature,* 
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Relative Humidity, CO2, Oxygen, Nitrogen, Bacteria, Dust and 
Air changes. A careful record is also kept of the Pulse, Blood 
Pressure, Temperature, Respiration, general appearance and gen- 
eral feeling of the subjects. 

It is hoped that the first publication of the Commission will 
be of sufficient benefit to the public to warrant further work 
along the same lines. 

Respectfully submitted, 

H. M. HART. 
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CHARTER 

State of New York, ) 

> ss. 
City and County of New York. J 

We, the . undersigned, of full age, and citizens of the United 
States, and a majority of whom are citizens of and residents in 
the State of New York, being desirous of forming a society for 
the purpose hereinafter set forth, in pursuance of and in con- 
formity with an Act of the Legislature of the State of New 
York, entitled, "An Act for the Incorporation of societies or 
clubs for certain lawful purposes," passed May 12th, 1875, and 
the several Acts amendatory thereof and supplemental thereto, 
do hereby certify and declare as follows : 

I. — The corporate name of the society is to be known as The 
American Society of Heating and Ventilating Engineers. 

n. — The particular nature and objects for which said society 
is formed are : 

1. The promotion of the arts and sciences connected with 
heating and ventilation, and the encouragement of good fellow- 
ship among its members. 

2. Improvement in the mechanical construction of the vari- 
ous apparatus used for heating and ventilation. 

3. The maintenance of a high professional standard among 
heating and ventilating engineers. 

4. To establish a clearly defined minimum standard of heat- 
ing and ventilation for all classes of buildings. 

5. To favor legislation compelling the ventilation of all pub- 
lic buildings in accordance with the standard of the Society. 

6. To encourage legislation favorable to improvement in the 
arts of heating and ventilation, and to oppose legislation inimical 
to the business of the engineer. 

7. The reading, discussion and publication of professional 
papers, and the interchange of knowledge and experience among 
its members. 
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8, To establish a uniform scale of prices for all professional 
services. 

III. — The number of directors and managers of said society- 
shall be seven, and the names of such directors and managers 
for the first year of its existence are : 
Charles W. Newton, Baltimore, Md. 
James A. Harding, Boston, Mass. 
George B. Cobb, New York City. 
William McMannis, New York City. 
Benj. F. Stangland, New York City. 
Louis H. Hart, New York City. 
Ulysses G. Scollay, Brooklyn, N. Y. 

IV. — The principal place of business or office of said Society 
is to be in the City and County of New York. 

In WITNESS THEREOF, We have made and signed this 
certificate in duplicate and have hereunto set our hands and 
seals at the City of New York, this 23rd day of January, A. D., 
eighteen hundred and ninety-five. 

W. M. Mackay, 
James A. Harding, 
George B. Cobb, 
[L. S.] William McMannis, 

B. F. Stanglakd, 
L. H. Hart, 
U. G. Scollay. 

State of New York, 

L ss 
City and County of New York 



.! 



On this 23rd day of January, A. D., eighteen hundred and 
ninety-five appeared before me personally WILLIAM M. 
MACKAY, JAMES A. HARDING, GEORGE B. COBB, WIL- 
LIAM McMANNIS, BENJ. F. STANGLAND, LOUIS H. 
HART and ULYSSES G. SCOLLAY, all to me personally de- 
scribed known, and known to me to be the individuals described 
in and who executed the foregoing instrument, and they sever- 
ally and duly acknowledge to me that they executed the same. 

FRANCIS W. HOADLING, 

Notary Public No. 118, 
[L.S.] New York County. 
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I, C. H. Van Brunt, a Justice of the Supreme Court of the 
State of New York, of the First Judicial District, in which the 
principal place of business of the aforesaid society is located, do 
hereby approve of the form and sufficiency of the foregoing 
Certificate of Incorporation and consent that the same be filed. 
Dated N. Y. City, January 24th, 1895. 

[Signed] C. H. VAN BRUNT, 

J. S. C. 
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CONSTITUTION AND BY-LAWS 

The American Society of Heating and Ventilating 
Engineers 

ARTICLE I. 

NAME AND OBJECT. 

Section 1. The name of this organization shall be The American 
Society of Heating and Ventilating Engineers. 

Its objects shall be the promotion of the arts and sciences 
connected with Heating and Ventilating in all branches; the 
maintenance of a high professional standard among its mem- 
bers; the reading, discussion and publication of professional 
papers which are calculated to advance the science of Heating 
and Ventilation ; and the interchange of experience among mem- 
bers. 

Sec. 2. The headquarters of this Society shall be located in 
the city of New York. 

ARTICLE 11. 

meetings. 

Section 1. All business meetings of this Society shall be held 
in New York City. The annual meeting shall begin on the third 
Tuesday in January of each year, and continue from day to day 
as the Council may arrange. Special meetings may be called at 
any time at the discretion of the Council, or shall be called upon 
the written request of twenty (20) members. 

Sec. 2. Professional sessions for the reading and discussion 
of papers, reports of committees, etc., shall be held at least twice 
a year. The time and places of holding such sessions shall be 
determined by the Council at least sixty (60) days prior to the 
dates selected. 

Sec. 3. Fifteen members present shall constitute a quorum. 
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.'i.'r ARTICLE III. 

MEMBERSHIP. 

Section 1. This Society shall be composed of members^ }iinior 
members, associate members, and honorary members. 

Sec. 2. An applicant for membership shall be a Heating or 
Ventilating Engineer or Expert, who has been professionally 
engaged in the business of heating and ventilation for at least 
five years. Graduation from a school of engineering of recog- 
nized repute shall be considered as equivalent to two years of 
active practice. The applicant must be qualified to design as 
well as take charge of and direct the construction of heating and 
ventilating work in the branch which he has made his specialty.. 
Mining, civil, electrical, mechanical, naval, or Government engi- 
neers, or architects, who are, in the opinion of the Council 
qualified by reason of their experience in designing or superin- 
tending the installation of heating and ventilating plants,, may 
also become members. 

Sec. 3. An applicant for junior membership must have been^ 
actively engaged in the work of heating and ventilating for three 
years, or be a graduate of a school of engineering of recognized! 
repute. 

Sec. 4, An applicant for associate membership must have 
such knowledge of, or connection with the business of heating 
and ventilating as to qualify him, in the opinion of the Council, 
to co-operate with heating and ventilating engineers, in the 
advancement of professional knowledge. 

Sec. 5. Honorary membership shall be conferred only on per- 
sons who have rendered such eminent service to the science 
and art of heating and ventilation as shall entitle them, in the 
opinion of the Council, to this distinction. The number of honor- 
ary members shall not exceed five. 

Sec. 6. All members, honorary members, juniors and asso- 
ciates shall be equally entitled to the privileges of membership, 
excepting that honorary members, juniors and associates shall 
not be entitled to vote or hold any office in the Society. 

ARTICLE IV. 

ELECTION OF MEMBERS. 

Section 1. Every candidate for admission to the Society, ex- 
cept a candidate for honorary membership, must be proposed 
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by at least two members to whom he should be personally known, 
and his application must be seconded by two other members. 
The application for membership must be accompanied by a 
statement in writing by the candidate of his qualifications for 
membership, including an account of his professional experience, 
together with an agreement that he will conform to the require- 
ments of membership if elected. 

Sec. 2. Honorary members shall be proposed only at annual 
meetings, and all proposals must have the unanimous indorse- 
ment of the Council before their names are submitted to the 
meeting for election. 

Sec. 3. All applications for membership are to be sent to the 
Secretary, and acted upon by the Council, at its first meeting 
thereafter. The Secretary shall mail to each member of the 
Society, in the form of a letter ballot, the names of candidates 
who are recommended by the Council for election, together with 
a statement of their qualifications, and the names of their pro- 
posers and seconders. 

Sec. 4. Any member entitled to vote will indicate the nature 
of his vote, whether affirmative or negative by writing the word 
"Yes" or "No" opposite the name at the point to be provided in 
the ballot. Each member shall draw a line through the name or 
names of any or all candidates for whom he does not desire, or 
does not feel qualified by sufficient acquaintance to vote. The 
ballot is to be enclosed in two envelopes, the inner one to be 
blank and the outer one endorsed by the member voting, and 
returned to the office of the Society within thirty (30) days of 
its date. 

Sec. 5. The said blank envelopes shall be opened by the 
Council at the first meeting after the thirty days have expired, 
and the candidates elected shall be notified at once, and their 
names announced at the ensuing meeting of the Society. The 
names of candidates not elected shall neither be recorded nor 
announced in the proceedings. 

Sec. 6. If adverse votes to the number of two per cent, of 
the votes cast, but not less than seven votes, shall be cast against 
any candidate, his election shall be defeated. 

Sec. 7. Any person who shall be elected to membership in 
the Society shall be promptly notified of the fact by the Secre- 
tary, and he shall accept such election, subscribe to the rules of 
the Society, and pay the initiation fee within three months after 
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such notice of election shall have been sent him, or his election 
shall be void. 

Sec. 8. The name of any rejected candidate may, after three 
months from date of such rejection,, again be presented to the 
Council, and if reconsideration is granted, another ballot shall 
be ordered, at which negative votes to the number of four per 
cent, of the votes cast, but not less than twelve votes, shall be 
required to defeat the candidate. 

Sec. 9. Junior members desiring to become full members shall 
make application to the Council, who shall consider the reasons 
advanced for the change in membership, and if found satisfac- 
tory, a favorable vote of the majority of said Council shall be 
sufficient to authorize the transfer. 

ARTICLE V. 

INITIATION FEES AND DUES. 

The initiation fees of members and associate members shall 
be $15.00 and. of junior members $10.00. The annual dues shall 
be $10.00 for all grades of members. All dues of present mem- 
bers of all grades shall be payable in January of each year in 
advance, and for all new members of all grades, the initiation 
fee and the annual dues for the first year shall be due and pay- 
able on the first day of the month following the date of election 
of such members. The annual dues for each ensuing year shall 
be due and payable in advance on the corresponding day in 
each year thereafter. Upon the payment of the initiation fee 
and the annual dues for the first year, the person elected shall 
be entitled to the rights and privileges of membership' in the 
grade to which he was elected. The date of payment of a mem- 
ber's annual dues may be changed to the first day of any other 
month, and a pro rata adjustment of the dues made, by appli- 
cation to the Secretary. 

Junior members promoted to full membership shall, upon noti- 
fication of transfer, pay an initiation fee of $5.00. 

ARTICLE VI. 

OFFICERS. 

Section 1. The affairs of the Society shall be managed by a 
Council of twelve members, which shall consist of the Presi- 
dent of the Society, two Vice-Presidents, eight councilors and a 
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Treasurer. Four members shall constitute a quorum for the 
transaction of business. The Secretary may take part in the 
deliberations of the Council, but shall not have a vote therein. 

Sec. 2. The President shall preside at all meetings of the 
Society, and exercise general supervision over its interests and 
welfare. He shall also be, by virtue of his office. Chairman of the 
Council. He shall have power to call special meetings of the 
Council, if in his judgment the needs of the Society require it, 
and he shall call special meetings of the Council, when so re- 
quested by three members of such Council, or if requested in 
writing by ten members of the Society. He shall appoint all 
committees not otherwise provided for in these By-Laws, or by 
resolutions constituting said committees. He or the First Vice- 
President shall, with the Treasurer, sign all checks, written con- 
tracts or other financial obligations of the Society authorized by 
the Council, and he shall be ex-officio member of all standing 
committees. 

Sec. 3. In the absence of the President from any meeting of 
the Society or of the Council, the first or second Vice-President 
shall be vested with all the powers of the President. In the 
absence of the President and both Vice-Presidents, the meet- 
ing shall elect a temporary presiding officer from the members 
present; the Secretary calling for a vote. 

Sec. 4. The Secretary shall be present at all meetings of the 
Society and of the Council, and keep the minutes thereof. He 
shall conduct the routine correspondence, receive all communi- 
cations addressed to the Society, and present the same to the 
Society or to the proper officers or committees. He shall issue 
notices* of all meetings, promptly inform committees of their 
appointment, and officers and new members of their election. 
He shall keep a complete list of members, with their addresses 
and dates of election, and shall send a copy thereof annually to 
each member. He shall render all bills and collect all moneys 
due the Society, turning the same over to the Treasurer, taking 
his receipt for the same. He shall have charge of all books, 
periodicals and drawings and similar property belonging to or 
loaned to the Society. He shall perform such othfer duties per- 
taining to his office as shall be imposed upon him by the Society 
or by the Council, and shall receive a salary to be fixed by the 
Council. He shall give a bond for the faithful performance of 
his duties, in such amount as the Council may require ; the pre- 
mium to be paid by the Society. 
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Sec. 5. The Treasurer shall receive and have charge of all 
funds of the Society, and shall deposit the same to the credit of 
the Society in such depository as may be designated by the 
Council. He shall pay all bills, duly approved, and shall keep 
book accounts of all his receipts and expenditures, which shall 
be at all times open to inspection by the Council. He shall 
present, at each annual meeting of the Society, a written state- 
ment showing the receipts and expenditures during the previous 
year; which statement must be duly audited by an Auditing 
Committee, to be appointed by the Council. He shall make 
reports to the Council as to the financial standing of the Society 
at any time they may call for it, provided not less than three 
days' notice shall have been given. He shall give bonds for the 
faithful performance of his duties, in such amount and with 
such securities as the Council may require; the premium to be 
paid by the Society. 

Sec. 6. The Council at the first meeting after the annual meet- 
ing, shall appoint a member of the Society to serve as Secre- 
tary of the Society for one year, subject to removal for cause 
by vote of the Council at any time after one month's written 
notice has been given him, to show cause why he should not be 
removed, and he has been heard in his own defence if he so 
desire. The Secretary shall receive a salary which shall be fixed 
by the Council at the time of his appointment. The Council 
shall have the supervision and care of all of the property of the 
Society, and shall manage and conduct its affairs in accordance 
with the charter and constitution. They shall hold stated meet- 
ings, at least once every two months, the first meeting to be 
held within ten days after the annual meeting, and special meet- 
ings at the written request of three members of the Council or 
upon the call of the President. They shall present at the first 
session of the annual meeting of the Society, a general state- 
ment of its proceedings during the year and a report of the con- 
dition of the Society. They shall fill any vacancies occurring 
among the officers of the Society. The Council shall, at least 
one month before the annual meeting, appoint from the active 
members of the Society three Auditors to examine and certify 
the accounts of the Treasurer. No officer of the Society shall 
be eligible as an Auditor. At the first meeting of the Council 
after the annual meeting, the President shall also appoint from 
the membership of the Council the following committees, con- 
sisting of three members each, to act under the direction of the 
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Council: Finance. Membership and Publication. The Council 
may appoint an Executive Committee of three of its members, 
who shall perform such duties as the Council may determine. 

The Finance Committee shall have charge of the financial 
affairs of the Society, and shall approve in writing all expendi- 
tures authorized by the Council. 

The Membership Committee shall receive from the Secretary 
all applications for membership, make rigid inquiry as to the 
eligibility of candidates, and report to the Council only such as 
have been approved. In case of disapproval, only the proposers 
of the applicant shall be notified of such action. The proceed- 
ings of this committee shall be private and confidential. 

The Publication Committee shall receive and examine all 
papers for presentation to the Society, and accept such as it 
may approve. The Committee shall review the papers and dis- 
cussions which have been presented at the meetings, and shall 
decide what papers and discussions, or parts of the same, shall 
be published. It shall publish during each year the transac- 
tions of the Society, containing the papers and discussions so 
approved, and abstracts of the minutes of the Society and of 
the Council. No members shall publish any papers as having 
been read before the Society without obtaining the consent of 
this Committee, and such consent shall not be construed to be 
an indorsement by the Society of any statements advanced in 
such papers or publications. 

These standing committees shall be guided by such rules and 
regulations as the Council shall from time to time prescribe. 

Sec. 7. The Council shall present at the annual meeting a 
report, verified by the President and Treasurer or by a majority 
of the Council, showing the whole amount of real or personal 
property owned by it, where located and where and how invested, 
thf amount and nature of the property acquired during the year 
immediately preceding the date of the report, and the manner 
of the acquisition, the amount applied, appropriated, or expended 
during the year immediately preceding such date, and the pur- 
poses, objects or persons to or for whom such applications, appro- 
priations or expenditures had been made, and the names and 
places of residence of the persons who have been admitted to 
membership in the corporation during such year, which report 
shall be filed with the records of the corporation and an abstract 
thereof entered in the minutes of the proceedings of the annual 
meeting. It shall fill any vacancies occurring in the Council and 
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shall file a certified copy of such appointment with the clerk of 
the county of New York. 

ARTICLE VII. 

ELECTION OF OFFICERS. 

Section 1. At each annual meeting there shall be elected from 
among the members by letter ballot as directed in Sections 3, 
4 and 5 : 

A President, to hold office for one year. 

Two Vice-Presidents, to hold office for one year. 

Eight councilors, each to hold office for one year. 

A Treasurer, to hold office for one year. 

The term of all elective offices shall begin on the adjournment 
of the annual meeting of the Society. Officers shall continue iit 
their respective offices until their successors have been elected 
and have assumed their offices. 

A President or Vice-President shall not be eligible for imme- 
diate re-election to the same office at the expiration of the term 
for which he was elected. 

Sec. 2. A Nominating Committee, of five members of the So- 
ciety, not officeholders, shall be elected by ballot at the annual 
meeting. It shall be the duty of this Nominating Committee to 
select candidates for the various offices that are to be filled at the 
next ensuing annual meeting. This Committee shall present to 
the Secretary, at least ninety days before the day of the annual 
meeting, the names of candidates for the offices to be filled, first 
securing the consent of the members selected to stand for the 
election. Ten or more members of the Society may present to 
the Secretary, over their signatures, the name of any member of 
the Society as a candidate for any office, provided they do so 
within sixty days of the annual meeting, and the Secretary shall 
add such names to the ballot, provided they are not already in- 
cluded in the list of names presented in the formal report of the 
Nominating Committee. Such names when presented shall be 
included on the printed ballot, with a special notation that they 
are presented by members independent of the Nominating Com- 
mittee's report. 

Sec. 3. Upon receipt of the list of nominations the Secretary 
shall at once prepare ballots with the names of all candidates and 
forward them to the members, at least thirty days before the 
date of the annual meeting. 
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Sec. 4. Each member entitled to vote shall cancel the names 
of all candidates 'for whom he does not wish to vote, and return 
his vote so that it will reach the Secretary before the date of the 
annual meeting. Any member may write upon his ballot the 
name of any member for whom he wishes to vote, if such name is 
not on the printed ballot. The ballot is to be enclosed in two en- 
velopes, the inner one to be blank and the outer one indorsed 
by the voter. The votes of members in arrears for more than 
one year's dues shall not be counted. 

Sec. 5. The ballots shall be opened, and the result of the vote 
declared on the first day of the annual meeting by three tellers 
appointed by the President. The candidates receiving the highest 
vote for the several offices shall be declared elected, and shall take 
office at the last session of the annual meeting. 

Sec. 6. Whenever, by resignation or otherwise, there shall be 
a vacancy in any office, the Council shall have the power to fill 
such office until the next annual election, and in the event of a 
tie vote at any election of officers of the Society, the Council, by 
a majority vote, shall decide the tie. 

ARTICLE Vlll. 

RESIGNATIONS, EXPULSIONS, ETC.. 

Section 1. Any member whose dues are paid in full may resign 
at any time. Resignations must be presented in writing, to the 
Council, who shall act on them at their first meeting following their 
receipt. 

Sec. 2. Any member whose dues shall remain unpaid for one 
year shall forfeit the privileges of membership, and if he neglect 
or refuse to pay his dues within thirty days after notification from 
the Secretary, his name may be stricken from the roll of members 
by a majority vote of the Council. 

Sec. 3. At the end. of each fiscal year, the Secretary shall strike 
from the roll the names of such members as are in arrears for two 
years* dues to the Society, and shall report the same to the Society 
at its next meeting. 

Sec. 4. Any member may be expelled for conduct on his part 
likely, in the opinion of the Society, to endanger its welfare, interests, 
or character; provided, however, that charges have been made to 
the Council, by a member of the Society in good standing, and that 
the Council have, after investigation and opportunity for defence, 
recommended such expulsion. 
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Sec. 6. Any person ceasing to be a member of the Society, through 
resignation or otherwise, shall forfeit all right, title and interest . 
in the property of the Society. 

ARTICLE IX. 

LOCAL CHAPTERS. 

Local chapters of the Society may be formed upon application of 
ten members in any State or Territory or in any political division of 
any other country, if the organization of such local chapter will, in 
the judgment of the Council of this Society, advance the Society's 
interests. 

Upon recommendation of the Council, a charter may be granted 
by the Society to form such local chapter, which shall be operated 
and conducted under the control and at the pleasure of this Society ; 
such local chapter shall be governed by the Constitution and By-Laws 
of this Society in so far as they shall not conflict with the laws of 
such State, Territory or other country, and by such other local 
By-Laws as may be adopted by the local chapter and approved by 
the Council of this Society before becoming operative. 

The membership of such chapter shall comprise only members of 
the different grades in good standing in this Society; any member 
of any local chapter who shall cease to be a member of this Society 
shall thereby forfeit all right to membership in such local chapter. 

Every such local chapter when formed shall be chartered in the 
name of the State, section of State, County or City, in which the 
same shall be located. 

ARTICLE X. 

society's indorsement. 

Recommendation, indorsement or approval shall not be given to 
or made for any individual, firm, association or corporation, nor for 
any scientific, literary, mechanical or engineering production. The 
opinion of the Society, may, however, be expressed on subjects affect- 
ing the public welfare, provided that this opinion does not carry 
with it the promotion of the interests of any individual, firm, asso- 
ciation, or corporation, and provided also that it is endorsed by 
a three-fourths vote of the members present at an annual 
or semi-annual meeting and approved by the signatures of a majority 
of the Council present at the meeting. 
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ARTICLE XI. 

AMENDMENTS. 

Proposed amendments to this Constitution must be presented in 
writing at a regular meeting of the Society, signed by at least three 
members, when if approved by a majority of the members present, 
the Council shall have copies of the proposed amendment sent to all 
members, together with the reasons why it is thought desirable by 
the members presenting it .that the changes should be made. The 
question of its adoption shall be voted upon by a letter ballot in the 
manner prescribed for election of members. 

If two-thirds of the votes cast are in favor of the proposed 
amendment it shall be adopted. 

ARTICLE XII. 

BY-LAWS AND RULES. 

By-Laws and rules for the further ordering of the affairs of the 
Society in harmony with this Constitution, may be established and 
amended by the Council by a two-thirds vote of the members present, 
written notice of the proposed by-law or rule or amendment having 
been given at the previous regular meeting of the Council and mailed 
by the Secretary to each member of the Council at least thirty days 
in advance of the meeting at which action is to be taken, giving the 
reason why such by-law, rule and amendment is thought desirable. 

ARTICLE XIIl. 

ORDER OF BUSINESS. 

1. Announcement of a quorum. 

2. Report of officers — President, Secretary, Treasurer. 

3. Report of the Council. 

4. Reports of standing and special committees. 

5. Unfinished business. 

6. Report of tellers of annual election. 

7. New business. 

8. Reading of papers and discussions. 

PARLL\MENTARY RULES. 

In all questions arising at any meeting, involving parliamentary 
rules not provided for in these By-Laws, "Roberts' Rules of Order" 
shall be the governing authority. 
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